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YOU'VE LITERALLY NEVER SEEN OR HEARD 
ANYTHING LIKE IT. 


IT PLAYS MOVIES, CONCERTS AND EDUCATIONAL PROGRAMS OWN 
LASERDISC WITH STUNNING PICTURE CLARITY AND CD SOUND? 


IT ALSO LETS YOU PLAY AND PROGRAM FIVE СО5. 


INTRODUCING THE WORLD'S FIRST. 5-CD/LASERDISC PLAYER, 
THE CLD-M90 FROM PIONEER: 


FIVE HOURS OF CDs. TWO HOURS OF LASERDISC. 
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Call 1-800-421-1606, ext. 115 , for the dealer nearest you. 
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From The Editor 


molecule of the year, we would give it 

to the subject of this month's cover 
story: the buckyball. Buckminster- 
fullerene, as it is officially known, is a 
newly discovered form of carbon that 
has the geometry of a soccer ball. We 
are pretty sure that scientists around 
the world would endorse our vote—that 
is, when they recover from their aston- 
ishment and take enough time away 
from their frenzy of experiments with 
this sooty sensation. “For decades, sci- 
entists thought they knew everything 
about carbon," explains Science and 
Technology Editor Arthur Fisher. “Now 
the world of chemistry is in shock." 


| f POPULAR SCIENCE had an award for 


Buckyball player: Richard Smalley’s discovery 
of a soccer-ball-shaped carbon molecule has re- 
searchers scrambling to find new applications. 


As a discovery alone—it’s only the 
third known form of the element thats 
the basis for all life—buckyball is an 
achievement of major significance. But 
there is also excitement about how this 
60-atom molecule may ultimately affect 
our lives. To scientists itching for new 
ground to explore, buckyball is “like a 
gift from the gods,” says Rice Univer- 
sity professor Richard Smalley, who 
first worked out the elegant structure of 
this magic molecule, which is strong, 
slippery, superconducting, and more. 
Its applications are already the subject 
of speculation and experimentation and 
include new medical treatments, new 
types of plastics, superior lubricants, 
more efficient batteries—and that’s just 
the short list. 


newly proposed audio cassette for- 
mat, the Digital Compact Cassette, 
that will be showing up in 1992. Just in 
case DCC versus DAT—the rival Digit- 


i nour June issue, we told you about a 


al Audio Tape format—doesn't have you 
befuddled about your next audio equip- 
ment purchase, hang on for the latest 
news. Far East Correspondent Dennis 
Normile reports that Sony has devel- 
oped another new format: the Mini Disc. 

Also scheduled for introduction in 
1992, the Sony Mini Disc system is a 
good news/bad news development. It 
promises greatly improved Walkman- 
style portability: lighter weight, smaller 
size, greater tracking reliability than 
portable CD players, and better sound 
reproduction than portable cassette 
units. Unfortunately, Mini Discs aren't 
compatible with anything else in your 
audio repertoire. Your current and fu- 
ture audio equipment selection process 
just got more complicated. 

Sometimes it's difficult to believe that 
the makers of these marvels have our 
best interests at heart. Indeed, there is 
plenty of talk that the Mini Disc system 
is simply Sony's way of countering the 
DCC format of its rivals. Although it is 
hardly possible to judge the pros and 
cons of the various audio formats until 
the two newest ones are commercially 
available, we have included a compari- 
son chart that can at least get you in 
touch with the trade-offs as we know 
them today. 


miss our exclusive five-year guide 
to new car models. Here too, we 
have compiled a chart for a jump-start look 
at what's ahead. This month offers cloak- 
and-dagger previews of the upcoming 
models from U.S. makers. Next month, 
we'll pick up with the imports. This ear- 
ly-warning system will be useful if 
you're contemplating a new car pur- 
chase or even keeping a score card on 
how close the auto makers have come to 
delivering what they originally planned. 
We don't think you can take everything 
we've reported to the bank. But most of 
what we've learned is likely to hold up. 
Of course, we will continue to give 
you news about actual new-model intro- 
ductions in our Automotive Newsfront 
and What's New departments. We will 
also make the five-year guide an annual 
feature. Drop me a line and let me 
know how you like it and what else you 
would like to see included. 
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INTRODUCING A MIRACLE OF MODERN MEDICINE: 
UNLIMITED OPPORTUNITY. 


Now that medical specialists are in demand more than ever, theres never been a better time to consider 
Army Reserve Specialized Training. 

The Reserve can train you in one of a wide variety of medical specialties from Respiratory Specialist, 
to Practical Nurse, to Pharmacy Specialist. You'll serve part-time, near home, usually one weekend a month, 
plus two weeks a year. 

Starting out can be easier than ever, too, through one of our financial assistance programs. Our new 
Specialized Training for Army Readiness (STAR) program is a great example. If you qualify, we'll help pay for 
your tuition, books and fees at a local, Army-approved civilian school of your choice. 

ink about it. 

Then, think about us. 

See your Army Reserve Recruiter today. 

Or call 1-800-USA-ARMY. 


BE ALL YOU CAN BE. 


ARMY 
RESERVE 
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Readers Talk Back 


Right angle for flight? 


Has inventor Robert Jones looked at 
the idea of an oblique wing flying at a 
90-degree angle to the path of flight 
rather than 45 or 60 degrees [Oblique 
Wing SST,” Feb.]? 

J. Berezonytch, address withheld 


Lift, or upward force, depends on the 
length of the wing and the force of air 
across it. This nearly vanishes when 
the wing is turned to 90 degrees. Also, 
as the wing’s flying angle increases be- 
yond 70 degrees, the center of pressure 
moves forward, causing the plane’s 
forward tip to go up. Although the loss 
of lift could be compensated for at hy- 
personic (but not supersonic) speeds, 
the problem of balance would still re- 
main.—Robert T. Jones 


The yawed wing SST has the virtue of 
being efficient both at speeds up to 
Mach 1.6 and at subsonic speeds for 
overland operation without generating 
a sonic boom—and it will operate at 
altitudes where its impact on the 
stratosphere will be minimal. Robert 
T. Jones’ premise that doubling the 
speed of over-water transport with no 
increase in operating cost would be 
possible with the yawed wing he pro- 
poses. Unfortunately, the world is 
used to bilateral symmetry so the 
yawed wing appears ungainly; let me 
assure you that it’s not. 
Richard Seebass, dean of engineering 
University of Colorado 
Boulder, Colo. 


I wish Tokyo R&D would take a hard 
look at the potential American market 
for an electric car [“Electric Vehicles 
Only,” May]. The company would find 
that many two-car families use the 
first car for family vacations and long 
trips and the second for errands, shop- 
ping, and taking the kids to school. 
The niche for the electric vehicle is 
now filled by a second car, not an all- 


purpose auto. 
Nahman Zirinsky, Chapel Hill, N.C. 


Today’s electric car would be a fine 
alternative for the gas-guzzling no- 
frills vehicles used by the U.S. Postal 
Service. They have no need for fast 
acceleration, high speed, or luxuries 
such as air conditioning. And using 


electric postal vehicles would allow 
the government to help fund the re- 
search of electric vehicles for con- 
sumer use. 

Steven Kizzar, Fayetteville, Ark. 


Whatever happened to the fuel cell? 

Wouldn't a hybrid electric automobile 

with solar cells and a fuel cell work? 
M. A. Trevino, Port Arthur, Texas 


The U.S. Department of Energy 
(DOE) and Department of Transpor- 
tation (DOT), along with the South 
Coast Air Quality Management Dis- 
trict in California, are funding a pro- 
Ject to test a fuel-cell-battery propul- 
sion system for an urban bus. Also, 
DOE and General Motors' Allison Gas 
Turbine Division have just begun de- 
veloping a 10-kilowatt fuel cell “sys- 
tem evaluator” and an automotive 
conceptual design and application. A 
solar /fuel cell hybrid is possible—but 
unlikely until both technologies improve 
significantly or their costs come 
down.—Martin Gutstein, Executive 
Director, Fuel Cell Association, Wash- 
ington, D.C. 


Too starry-eyed? 


How can the Keck telescope pick up 
light from a galaxy 65 million light 
years away without interference from 
the light given off by the billions. of 
stars that must be between Earth and 
that galaxy [“Science Newsfront," 
April]? 

Ben E. Mickle, Hanceville, Ala. 


If you look in directions perpendicular 
to the plane of our galaxy (up or 
down), there are not many stars inter- 
vening. But less distant stars may 
show up in the foreground of images 
taken of extragalactic features. 


Cover qualm 


The two advanced tactical fighter 
planes would never fly as close to each 
other as depicted on your April cover; 
even the shadows contradict. 

Joel Jacobs, Irvine, Calif. 


Indoor-air problem 


The negative pressure used in “Hous- 
es That Breathe" [March] may not be 
such a good idea: It can pull in for- 
maldehyde gas, a suspected carcino- 
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GOODYEAR INVICTA GS. BASED ON A SIMPLE 
BUT PROVEN HYDRAULIC PRINCIPLE. 


No one likes to drive in the rain. 

Which is why Goodyear has devoted so 
many years, and many millions of miles, to the 
science of wet weather traction. 

It's this unequalled knowledge that has led 
to Goodyear's development of the Invicta 


Chrysler Town & Country 


Wet or dry, this isall all-season - 
that touche 


the contact patch, family of 
passenger car tires. 
Invicta radials have 
already found favor with 
some of the toughest 
tire critics in the world: 
the engineers in charge е 
of developing cars like The wet-weather technology that goes into 
the Lexus 15400 and the — Goodyears 185+ mph Formula One rain 
Buick: Park Avenue Ultra. '* also goes into the Invicta GS. 
Invicta radials were chosen as original equipment 
к е for these cars after 
a a г rigorous comparison with 
tesis ol all. other makes of tires. For 
things like treadwear, 


Toyota Camry V6 


You'll find Invicta radials on some of 
the best vehicles available in America. 
One of the ons they were selected 
is their wet weather capability. 


noise. And wet traction. 
No one likes to drive in the rain. But you'll find 
it's when it rains that the Invicta GS really shines. 


GOOD/YEAR 


By designing a pair of locking 
pliers that are less complicated to 
use, we've made a lot of tasks easier. 


Get 


© 1991 Cooper Industries, Inc. 


Readers Talk Back 


gen, from mineral-fiber sheathing and 
fiberglass-batt wall insulation. Fre- 
quently used as a binder, the for- 
maldehyde could outgas for three to 
six years. Other potential hazards 
that could be drawn in include radon 
and pesticides. Builders who want to 
learn more about йоПиќапіѕ in con- 
struction material may consult books 
such as the Healthy House Catalog. 
Bion D. Howard 
Program Manager for Building Science 
Alliance to Save Energy 
Washington, D.C. 


I understand how spraying warm 
seawater into a vacuum chamber can 
flash it to steam [“Salt Water on Tap," 
April]. But this steam will be at a low 
pressure; how can it then drive a tur- 
bine? Pressure drops significantly 
across a turbine. To discharge the de- 
salinated water at atmospheric pres- 
sure, the pressure that is upstream of 
the turbine must be much higher. 
This contradicts the diagram and its 
explanation. 
John M. Cimbala 
Associate Professor 
Mechanical Engineering 
Pennsylvania State University 
University Park, Pa. 


Tom Rabas, an engineer at Argonne 
National Laboratories, says the steam 
is indeed at a low pressure, and the 
pressure difference (across the tur- 
bine) is small compared with that in 
conventional power generation. That's 
one reason OTEC isn't very efficient 
at producing power. However, there is 
still enough pressure difference to 
drive a turbine—in this case, a tur- 
bine with a single row of blades (like 
a helicopter), rather than multiple 
rows. The pressure upstream of the 
turbine doesn't have to be higher than 
atmospheric pressure—just higher 
than the pressure downstream of the 
turbine. 


The simplified sketch of the Xuma 
plant shows the concentrated brine so- 
lution being returned to the sea. 
Where do the 3,500 plants dispose of 
their salts? 

Vic Altman, Menomonie, Wis. 


Disposal of the brine requires a permit 
from the EPA, which is called a 
National Pollution Discharge Elimin- 
ation System Permit. The brine is usu- 
ally disposed directly into the ocean, 
but when the desalination plant is lo- 
cated inland, evaporation ponds may 
be required. In other cases, the brine is 


recombined with the community waste 
water prior to disposal, resulting in 
an effluent of virtually the same-salt 
strength as the original water 
source.—Jon DeBoer, director of the 
technical and professional depart- 
ment, American Water Works Associ- 
ation, Denver, Colo. 


Range requirements 


Readers of “Room to Room Video” 
[May] should be aware that the 902- 
to-928-megahertz band in which 
these devices operate is crowded in 
some areas of the country. Amateur 
radio organizations have been urging 
the FCC to require manufacturers of 
devices that use this section of the 
band to warn would-be purchasers 
with labels about the possibility, of 
such interference. 

Chris Tobias, Mt. Pleasant Mills, Pa. 


I have been looking for a remote 
transmitting unit which has a range 
of 200 to 300 feet and could pass 
through steel and brick obstacles on 
my farm. Would the units you men- 
tion in "Room to Room Video" meet 
my needs? 
Eric A. Pohlke 
Penetang, Ont., Canada 


None of the products on the market so 
far are capable of a 200-to-300-foot 
range. Most only transmit about 100 
feet and can't go through thick obsta- 
cles such as silos. Their power is lim- 
ited to avoid interference problems. 
—Dawn Stover 


Is it old or new? 


Your article about the new diesel en- 
gine from Saab's Scania Division gives 
the false impression that turbocom- 
pounding is a new idea [*Automotive 
Newsfront,” April]. In the 1950s, thou- 
sands of Wright turbocompound air- 
craft engines were built. 

Lawrence Fafarman Los Angeles, Calif. 


Perhaps the impression is false, but 
the application is newsworthy. The 
ideas are entirely new. 


Redoing oil 


In answer to the reader who won- 
dered about old-oil rerefining [“RTB,” 
May]: Safety-Kleen Canada each 
year produces approximately 21 mil- 
lion gallons of rerefined base oil and 
finished lubricants. Our process is 
based on distillation and hydroheat- 
ing. We have just opened a rerefinery 
in East Chicago that will generate 
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twice the volume of our Canadian op- 

eration and have plans for future 
U.S. expansion. 

John Doyle, senior account executive, 

BresLube Division 

Safety-Kleen Canada 

Markham, Ont., Canada 


Cosmic cutups 


It’s reassuring to learn that physicists 
have the sense of fun to call some par- 
ticles machos, wimps, and champs 
(“The Cosmic Connection,” April]. If 
the Almighty has the same sense of 
humor, maybe when the end comes, it 
won't be with a “big bang” but with a 
“big gong.” 

Robert Fischer, Evansville, Ind. 


Not-so-new brake lights? 


Regarding the new, advanced brake 
lights [^Automotive Newsfront," 
March]: Old-timers may recall a sim- 
ple, inexpensive device sold in the 
early 1950s that alerted drivers to the 
acceleration and deceleration of near- 
by vehicles. A miniature traffic light 
was attached to the rear window. A 
spring-loaded switch under a rubber- 
covered metal plate was clamped to 
the accelerator pedal. When the driv- 
er accelerated, the green light went 
on; when his foot was off the pedal, 
the yellow light illuminated. The red 
light was connected to the brake-light 
Switch. 

Raymond W. Smith 

Warner Robins, Ga. 


Cool «ar windows 


The environmental merits of elec- 
trochromic technology make it worth 
wide-scale use [“Smart Glass,” April]. 
Windows that automatically control 
the amount of heat and light admitted 
could make car air conditioners unnec- 
essary. Not only do such air condition- 
ers release ozone-depleting refriger- 
ants, but they also decrease fuel 
economy. 

John Campos, Phoenix, Ariz. 


Editor’s notes: Scandinavian PC 
Systems [“Electronics Newsfront,” 
June] has moved to 6 Nelson St., 
Rockville, Md. 20850-2130. The price 
of Corporate Voice has increased to 
$250. 

P. J. Skerrett was the author of 
“Refrigerator Makes Chilling Sounds” 
[“Ноте Newsfront,” July]. 


Address letters to Readers Talk Back, Рор\лАн Science, 2 
Park Ave., New York, N.Y. 10016. Or fax your letter to us at 
212-779-5468. Letters may be edited for space and clarity. 


We regret that we cannot answer unpublished letters. 


IF YOU VE FALLEN 
IN L 


STP* NEWER CAR OIL TREATMENT PROTECTS THE ONE YOU LOVE. YOUR 
NEW CAR. IT’S SPECIALLY FORMULATED WITH ANTI-WEAR INGREDIENTS 
FOR ENGINES WITH UP TO 36,000 MILES. SO IT'LL HELP KEEP YOUR CAR 
RUNNING LIKE NEW LONGER. ALL YOU DO IS ADD IT TO YOUR OIL. USE 
STP NEWER CAR OIL TREATMENT IN YOUR NEW CAR REGULARLY. 
AND HELP KEEP THE RELATIONSHIP GOING SMOOTHLY. ЇЗ о THE EDGE, 
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WHATS NEW 


EDITED BY MARCELLE M. SOVIERO AND JUDITH ANNE YEAPLE 


MESSAGES 
BY SATELLITE 


Using handheld devices, subscribers to 
this satellite-based communications 
system could receive and send short 
messages inexpensively. The system, 
proposed by Orbital Communications 
in Fairfax, Va., uses a constellation of 
20 small satellites in low Earth orbits. 
An experimental satellite is scheduled 
for launch this summer, 


TESTING ELECTRO-VANS 


By 1993, Ford plans to lease about 70 electric demonstration vans to U.S. and 
European electric utilities and other service-oriented companies. Modeled on the 
European Escort van, the vehicles are powered by sodium-sulfur batteries and are 
expected to have о 100-mile range, 14-second 0-to-50-mph acceleration, and six- 
hour recharge time. Air conditioning is optional. 


INFRARED NIGHT 
VISION SENSOR 


SCOUTING 
HELICOPTER 


Boeing Helicopters and Sikorsky Aircraft 
won a $30 billion Army contract to build р - 

this final design of the Light Helicopter, = „ә, 25° INTERNALLY CARRIED. 
an armed scout aircraft. The two-person < HELLFIRE AND STINGER MISSILES 
chopper will be equipped with night vi- Ж: 
sion and target identification systems. SENSORS FOR TARGET DETECTION / 
Extra fuel tanks will enable it to fly more CLASSIFICATION SYSTEM 
than 1,250 nautical miles nonstop. The 
first production aircraft of nearly 1,300 heli- 
copters is scheduled for delivery in 1998. 
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Push a button on Steiner's 7x50 
Commander Electronic marine binoculars 
and receive digital compass readings through 
the lenses. A pivoting sensor coil and micropro- 
cessor calculate bearings to within one degree. Price: $1,900. Pioneer 
Marketing & Research, 216 Haddon Ave., Westmont NJ 08108. 


Long-winded phone users may be in- 
terested in Oki Telecom’s 900 
portable. Its power-conserving circuit 
design, gallium-arsenide chips, and 
optional extendedlife battery pro- 
vide 120 minutes of call time or 20 
hours of standby time, double that 
available with current cellular battery 
packs. The phone costs $1,100; op- 
tional battery, $66. 


SOBER 
STARTER 


The Guardian Interlock System ren- 
ders a vehicle inoperable if the driver 
is impaired by alcohol. Required by 
some states for DWI offenders, the 
hand-held breath analyzer and 
microcomputer connect to a 
vehicle’s electrical system. A driver 
must exhale into the analyzer to 
measure his blood alcohol concentra- 
tion; if it's above о preset limit, the 
cor won't stort. 


Eco-sHoE 


DejaShoe women's walking shoes 
are made entirely from recycled то- 
terials. The fabric lining and outer 
shoe are used polypropylene, the 
soles are reclaimed tire rubber, the 
eyelets contain recycled metals, and 
the collar and tongue padding ore re- 
cycled foam rubber. The box, which 
is also recycled, doubles os a gift 
box. Price: $59. Northwest 
Quality Innovations, Box 830, 
lake Oswego OR 97034. 


Cala Tape, а 12-foot measuring 
tope, hos о builtin level and angle 
finder on one side and а solar-pow- 
ered calculator on the other. Sonin 
Inc., 672 White Plains Rd., 
Scarsdale NY 10583. $15. 
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Howdy, Stranger. 


suckle up—together we can save lives. 


Ranger Has The Best 
Gas Mileage Of Any Pickup 
In America? 


Today, gas station owners seem to 
be seeing Ranger owners less and 
less. What's the story? 


Ford engineers just wouldn't rest 


until they made the best-selling 
compact truck an even smarter buy. 

Their timing couldn't 
have been better. 

Ford made every gas dollar go 
farther in a Ranger with the fuel- 
skimping combination of a 2.3L multi- 
port EFI engine and 5-speed manual 
transmission. 


Think about it. The best gas 


mileage of any pickup. 


There's nothing strange about the 
fact that this is America’s favorite 


compact truck. 


THE BEST-BUILT, BEST-SELLING AMERICAN TRUCKS 
ARE BUILT FORD TOUGH. 


Unlike most underwater propulsion 
systems, which must be held out in 
front of you while you swim, the 
Noutilus system attaches to a scuba 
tonk. Rated to operate at depths of 
up to 150 feet, the unit uses two 
12-volt batteries that strap to a div- 
er's waist ond replace most of the 
diving weights. Batteries recharge in 
five hours. Two speeds, 1.5 and 2.5 
mph, provide 60 or 90 minutes of 
operating time. Price: $995. The 
Parkway Systems, 241 Raritan St. 
South Amboy NJ 08879. 
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TeleBlocker programmable call restric- 
tors plug into your phone to help con- 
trol usage. Restrict long distance calls, 
outgoing calls except 911, 900 num- 
bers, or others. You can even set time 
limits on calls or confine them to a 
specific time slot. Prices for the three 
models are $50, $80, and $100. 
Telegen Corp., 181 Second Ave., 
Suite 211, Son Mateo CA 94401. 


CD-ROM CHANGER STORES SIX DISCS 


Cartridges for Pioneer's DRM-600 CD-ROM mini-changer store six CD-ROMs so you can switch discs with 
computer commands instead of manually swapping them. The changer offers rapid access to more than 
three billion bytes of data, such as encyclopedia or zip-code CD ROMs. The machine can also play back 

standard audio CDs into hifi systems. Price: $1,295. 


PER ed m 


Is IT REAL, OR IS IT... 


The Links interactive golf game may токе you think you're on the course instead 

of ot your PC. The $60 program takes into account variables like wind speed, your 
stance, dub used, and the force of your swing. Sounds, such os the ball being hit, 

enhance realism. Available from Access Software (545 W. 500 South, Suite 130, 
Bountiful UT 84010), it works with IBM PCs and compatibles with VGA. 


‘CAMPBELL Dj 


DOUBLE 
DUTY 


Campbell Hausfeld's Cordless Air 
Compressor doubles as a power 
pack. Delivering up to 220 psi, it in- 
flates anything from tires to beach 
balls. As a power pack, it can boost 
сог batteries or run 12-volt tools. 
The $50 device can be recharged 
on a standard 11 5-volt circuit or a 
car cigarette lighter. Campbell 
Housfeld, 100 Production Dr., 
Harrison OH 45030. 


This segmented prototype robot, de- 
veloped by the Gas Research In- 
stitute in Chicago, crawls through 
gas pipelines looking for faults, 
leaks, and corrosion. Dubbed “The 
Mouse,” it travels up to 2,000 feet 
ond relays data via o fiber-optic cable. 


FAST JOINTS 


Make dovetail joints precisely and quickly with the walkmounted Woodrat. Clamp 
two boards on a sliding crossbar and cut the joint toils by following a marker 
block. Then use the cut board as a template for perfectly matched pins. You can 
complete a set of seven drawers in one-and-o-halfyhours, claims Woodrat (The Old 
School, Godney, Wells, Somerset, RAS TRY, England). Price: about $700. 


THREE-IN-ONE CARRYALL 


Flip the Porter Cose storage compartment down and the unit becomes a lug- 
gage cart for carrying additional bags; snap it back up, and it's a rolling tote 
(left). Retracting the handle in the tote mode converts the unit to о 22-by- 
12-by--inch carry-on cose, small enough to fit under most airline 
seats or in overhead compartments. The 10-pound case costs 
$195. Porter Case, Box 2526, South Bend IN 46680-2526. 


The Security Alarm and Lock Bar pro- 
tects household windows or doors 
three ways: a 90-decibel alarm, a 

flashing light, and on adjustable bar 
lock. Sensors in the battery-operated 
bor detect motion and activate the 
alarm. The window unit costs $28; 
the door unit, $30. Honeywell, Inc., 
1985 Douglas Dr. N., Golden Volley 
MN 55422. 


IURD WINDOW COURTESY BALDWIN LUMBER 


н 
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Two nickekcadmium batteries power the Safari NSX/20 notebook 
computer for up to six hours, says AT&T. The $5,399 computer has a 
3865Х processor, 40-megabyte hard drive, 3.5-inch floppy drive, two 

megabytes of random-access memory, a liquid-crystal display, plus a 
2,400-bit-persecond modem. Panasonic manufactures the 7.3-pound 
personal computer for AT&T Computer Systems. 


DRESSING 
Voice-activated video and data dis- 
plays are built into the helmet of the 
Command/Control Pressure Suit, ok 
lowing astronauts to view vital data 
and ot the same time perform other 
manual operations. The circuitry con 
also connect to Rovers or other mo- 
chinery, turning the suit info a one- 
man cockpit. Flat gloss plates pro- 


vide on undistorted view. 


Nor A THROWAWAY 


Unlike the simple, disposable panoramic cameras on the market now, Minolta’s 
Freedom Vista is the first sophisticated, nondisposable, wide-format 35mm 
camera yielding standard З '/2- by -10-inch panoramic prints. Its features 


include automatic focus, flash, and film transport, and a five-element £/4.5 
24mm lens. Price: $300. 
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TOUGH GRIT 


Rakso’s stee}wool sheets for power or manual sanders last 10 times longer than 
conventional pads, claims the German manufacturer. The sheets come іп extra- 
fine, medium, and coarse grades, and cost less than $2 each. R. Z. International, 
1300 Morse Ave., Elk Grove Village IL 60007. 


THe 
SLICER 


Cut ceramic tiles quickly and accu- 
rately with Simkut. Slide а sixinch | 
or smaller file to the desired meo- 
surement setting, score it with the 
tungsten-tipped scribing tool, and 
press agains! a work-top edge to 
break. Price: $15. Excalibur Hand 
Tools, 10621 S. Lockwood, Oak 
lawn IL 60453. 


TRIMMER WITH 
A TWIST 


Trimming the gross and edging the walkway can 
now be done with the same tool. Push a button ond 
Black and Decker's Groom^n' Edge grass trimmer 
twists 180 degrees to snip grass growing along side- 
walks, driveways, or walls. The $80 model GE600 
hos a 3.1-ampere electric motor and an automatic 


nylon line feeding system. 


Mix Design«R Wall powder with wa- 
ter and apply it to опу wall with o 
trowel, roller, or spray gun for a wall- 
paperlike finish that hides cracks. It 
comes in 109 color and texture 
combinations. One bag covers 32 to 
40 square feet and costs $17 to 
$20. Design-R Products, R.D. 2, Box 
171, Spartansburg PA 16434. 


Роѕтон 
LOCATOR 


DeLorme Mapping of Freeport, 
Maine, combined о globatposition- 
ingsatellite receiver and о СОКОМ 

data base of U.S. maps to create the 
GPS MopBox. Connect it to a 286 or 
386 portable and о blinking dot indi 
cates your location. It’s accurate to 
within 100 feet. Price: $7,995. 


The Intersections Ceiling System's 
modules not only create special de- 
sign effects, they make it easier to. 

install lights, speakers, and fire-safe- 
ty fixtures without disrupting the de- 
sign, doims the maker. USG 
Interiors, 101 S. Wacker Dr., 
Chicogo IL 60606-4385. 


PROTECTIVE 
GLOVE 


Scooping up a ground ball may no 
longer be hazardous to your hand. 
The double-welting design on the 
back of the 12-inch TechFire base- 
ball glove provides extra protection, 
dosejitting finger stalls for better 
control, and longer glove life, claims 
Mizuno Sports (577 Airport Blvd., 
Burlingome CA 94010-2025). 
Price: $65. 
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Quick 
TOGGLE 


The E-Z Toggle makes anchoring fix- 
tures to drywall as easy as turning a 
screw. Use its sharp point to cut 
through the wall, then insert a 
sheet-metal screw, which flips the 
damp against the woll’s interior. 
Price: $2 for a set of two. ITW 
Buildex, 1349 W. Bryn Mawr Ave., 
Itasca IL 60143. 


ROTATING 
RECEIVER 


The remote control for Fisher's newest 
fuzzy logic camcorder, the FVC-990, 
sends signals to on infrared receiver "but- 
ton” that pops up from the comcorder 
body. The button rotates to face опу direc- 
tion, so you don't have to be in front of 
the camera to use the remote. The 
$1,200 binocularstyle camcorder also has a built- 
in microphone with left and right channels for stereo recording. 


PC RADIO 


NEC's RC-9801 personal computer is the first PC with a builtin modem for radio 
communication via a switching service. The unit manages 9,600-bit-per-second ro- 
dio data communication with backup error correction copabilities. Available only in 
Japan, it costs about $4,000 plus a monthly service fee. 
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Wedged between an elevated highway and railway 
lines, this boatlike office building will be “moored” in 
Hammersmith, London. The structure’s sloping roof will 
help їо link aesthetically residential and commercial 
oreos. Multilevel walkways, decks, and shops will 
surround the atrium. The glass- and copper-clad 
building will be completed this fall. 


Because numerous injections con damage veins, doctors may someday implant 
the Osteoport into a patient's hip so that medication is infused directly into bone 
marrow. The membrane on the */«-inch stainless-steel device reseals after each in- 
jection to prevent leakage. Developed by Lifequest Medical in San Antonio, Texas, 
the Osteoport was approved by the FDA for clinical testing. 


COMMUTER 
SHUTTLE 


A proposal by Art Center College of 
Design students in Pasadena, Calif., 
plans for a mass-tronsit electric train 

system elevated above highway me- 
бап. Express trains would run atop 
the tracks, and smaller trains would 

hong below, making local stops. 


SA HELLER/ACCD. 


TWO-IN-ONE 
WALKMAN 


Sonyo's SPT1000 Sportable combines an АМ-ЕМ cassette 
player with a builtin pedometer. Select one of three set- 
tings—walking, speed walking, or jogging—and input 
your stride, average pace, and torget distance. The unit 
then calculates actual number of steps, pace, and dis- 
tance, and displays them on the LCD panel. The $55 unit 
comes with headphones and features an extended AM 
bond ond а clock/stopwatch. 


p | 


| EAsSY-FIT 
BLOCKS 


Reddi-Form expanded polystyrene 

building blocks have interlocking 

teeth for quick assembly and a tight 
fit. Secured with reinforcing rods, the 
9.5-inch-wide blocks are filled with 
concrete and finished with materials 
ranging from stucco to wood siding. 
They have an R-16-toR-21 insulating 
value and cost less than $5 per 
square foot assembled and finished. 
Reddi-Form, 250 Canal Rd., Fairless 
Hills PA 19030. 


77 
UL SPORTABLE 


saro 


Use the Instantgnite Pencil Torch 
LUXURY for soldering, plumbing, jewelry re- 

pairs, or paint removal. To ignite, flip 
TURBO the on-switch and tap the ball at the 
Renault ups the ante in the European end of the tool. The adjustable 
luxury sports car market with the up- 2,500-degree flame lasts for 45 


graded Alpine A610 Turbo. The rear- minutes per butane refill. Price: 
mounted V6 engine with a three- $50. Blazer Corp., 114 E. 32 St., 
woy catalyst is enlarged to three New York NY 10016. 

liters, with a 25-percent power boost 


to 250 hp. Available in France, the 
vehicle's peak torque is 258 Ib.-ft., 
with 246 lb-ft. available from 
2,000 to 5,200 rpm. Price: about 
$55,000. 
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THE NEW ВОС! 
EITHER THE COMPETITIO! 
OR WE'RE CHAR 


*Based on EPA-estimated hwy. mpg 
| 25 Roadmaster/23 Town Car, multiplied by the fuel tank capacity. 
| Manufacturer's suggested retail price including dealer prep and destination 
charge. Tax, license and options additional. Levels of equipment vary. 
gu |” Let's get it together...buckle up. 
| ©1991 GM Corp. All rights reserved. Roadmaster is a trademark of GM Corp. 


ROADMASTER. 
S CHARGING TOO MUCH, 
NG TOO LITTLE. 


'92 Buick '91 Lincoln 
Roadmaster Town Car 
Sedan Executive Series 


Engine 5.7-itre V8 4.6litre V8 
Antilock braking system Standard Standard 


Driver-side air bag Standard Standard 
Drivetrain Rear-wheel drive  Rear-wheel drive 
EPA-est. hwy. range* 575 miles 460 miles 
Seating capacity 6 passengers 6 passengers 


MS.RPt $21,445 $30,038 


The new Buick Roadmaster is everything you'd expect from a luxury 
car. Its standard features include full-size comfort and big V8 power. The 
security of anti-lock brakes and a driver-side air bag is standard, too. And 
of course, it's built to the exacting standards of Buick quality. So how come 

the new Roadmaster costs thousands less than the Lincoln 
Town Car? Simply because at Buick, we still 
make value a standard feature of every car 
we sell. For more on what is perhaps the 
best value in American luxury sedans 
today, call 1-800-238-2929. 


BUICK: 
The New Symbol For Quality 
In America. 


| STITCHER 
= The Memory Craft 8000 sewing mo- 
A chine’s computerized minicassettes 
мл 2 produce pre-programmed sotin-stitch 
4 embroidery designs. Touching an on- 
| screen pattem sets the width, 
length, and sewing speed ond pro- | 


vides how-to instructions. Two соз | 


settes are included with the $3,000 

PLUM machine; two additional cassettes 
cost $69 each. The New Home | 

POWERFUL | Sewing Machine Co., 100 Hollister 

Made with aluminum oxide and ce- | Rd., Teterboro № 07608. 


ramic material, the Purple Belt on the | 
Model 360 series sanders lasts twice 

05 long as standard belts, provides | 
faster stock removal, and reduces heat 
ond loading, says Porter Cable (4825 
Hwy. 45 N., Вох 2468, Jackson TN 
38302-2468). Cost: about 30 per- 
cent more than other belts. 


RECYCLE AT HOME 


Tum old newspapers, cardboard, and milk cartons into greeting cords with the 
RemakingSet, a home recycling kit. Materials are shredded and boiled to make 
pulp, which is poured into wood frames, dried, and pressed. Price: about $38 in 
Japon. SunStar Stationary Co., 3-35-13 Ryusen, Toitoku, Tokyo 110, Japon. 


The palmsize CFR-900 cellular on- 
tenna adheres to the inside of a 
car's windshield so it can't be dam- 
aged by wind, storms, or a car 
wash. Price: $80. Terk Technologies 
Corp., 233-8 Robbins Lane, Syosset 
NY 11791. 


WIND CHEATER 


А sleek, aerodynamic bicycle foiring, designed for the long-distance cyclist to re- 
duce drag, can cut five minutes from a 25-mph hourlong ride on a level course. 
The 24-ounce Flyer fairing doesn’t interfere with hands or brake levers. Once in- 
stalled, the molded Lexan shell соп be removed without tools via small hitch pins. 
Price: $90. Zwaan Design, Box 844, Sierra Madre СА 91025. 


22 © POPULAR SCIENCE AUGUST 1991 


oil gives your. car a boost! 


you can boost acceleration, gas mileage & 


Protect your engine 


.. WHY BUY A NEW CAR? 
_ А new car is one of life's biggest in- 
vestments, Why not put off such a big 
expense as long as possible and at the 
same time, spend less to run the car 
you now own? The money you save 
is money in your pocket. 
Tens of thousands of drivers are 
already using the Tufoil® technology 
to beat the system. We'll show you 
how it's done! It's simple! 
ENGINES LAST & LAST 


The normal life of an engine is 
usually about 100,000 miles, give 
or take a few miles either way. / 
This is no longer the case. By 
adding 4 ounces of Tufoil with 
each oil change, together with an 
effective maintenance program, 
200,000 miles and more are not 
uncommon. But that's not all! 
That's just the beginning! 


Together with this longevity are 
numerous benefits. For instance 


ne 
ces 


— All at the same time. 


sed 
; е Life 


p 


^ 
GUPPERIER THAN gg, 


| ж . 


Customers not only call, but write 
to us about their fantastic results! 
They're telling friends and relatives. 
As a matter of fact, they're 
spreading the news about Tufoil all 
over the world. 


It stands to reason, though. Tufoil 
is such a unique product that even 
the United States and Canadian 
governments have confirmed its 
effectiveness. One report shows 
that Tufoil is actually slipperier 
than Teflon? ! 


NO TIME LIKE THE PRESENT: 


There's never ben а better time 
to try Tufoil and prove to your- 
self and your car that what 
everyone's been saying is really 
true! We think you'll find it's 
one of the smartest decisions 
you've made. In fact we're so 
sure, we guarantee it'll work. 
If you don't agree, we'll glad- 
ly refund your $14.25, which 
is the cost of your initial 8 
ounce treatment. 


So why wait any longer? The 
| sooner you start, the better! 


the reduction in friction. 
| Your engine is now free to 
to run smoothly. One of our 
customers put it nicely when 


€ 


І 

І 

| Charge my credit card: (No COD) 
І 
І 


(№ residents please add 7% sales tax) 
Canadian Distributor: 1-800-363-7753 


quick “acceleration. One user ах nding 

writes that his car “Takes off M d 

like a scared rabbit!” 

SILKY SMOOTH Ua Oz. (.2: == —— — os 

OPERATION r : З pss: — | 
| Е Fluoramics Inc. 08 

Easy starts and better mileage 18 Industrial Avenue, Mahwah, New Jersey 07430 TUFOIL 

are soon apparent due to My check or money order for $ k 1 order: 


C one 8 oz. bottle. ..treat one car for 
$14.25 (plus $3.50 shipping and 


C Am. Express [О Master Cad C Visa 
3 . See money back 


Card No. 
Exp. Date. 


4 е О two 8 oz. bottles...treat two cars 
he said, “You can hear it, Phone No. ty $25.00 $4.00 shipping and 
you can feel її?” with Tufoil | Name о handing SAVE $6.00 
in the engine. Мтне жи аб. и i 

ay et 
State о -__________ [] one gation... treat for $125.00 


We ship within days! 
MONEY BACK GUARANTEE ON 8-02. 


1 Once your car has 5-10,000 
miles on it, you can start. 
using Tufoil? ! Use the order 
form at left to baby your 

{ car. You'll be glad you did! 


ORDER TODAY 


—— 


"TI | 1-800-922-0075 


At last. The perfect machine for the perfect workot 


at half the price of NordicTrack: * 


A One 


After years of development, 
a technology eke те 


and a free home trial 


means you're the judge. 


U ntil now, you could have paid $600 
or more for a quality cross-country 
ski simulator. But as with computers and 
VCR's, technology improved and prices 
came down. Thanks to engineering 
breakthroughs in the FiteOne, you can 
own this highly advanced skier and save 
about $300 over NordicTrack* 


Fitness Machine of the 90% 

Some experts rank cross-country skiing 
as the best exercise in the world. Now, a 
simple motion on the sleek new "machine 
of the 90's" helps you simulate that 
workout—and quickly. The highly-advanced 
FiteOne provides superior cardiovascular 
fitness in just 20 minutes every other day. 
It improves your heart, lungs, and 
circulatory system. Tones your arms, chest 
and stomach. Your hips, thighs, buttocks. 
Step up your workout to 20 minutes every 
day, and you can lose up to 30 pounds a 
year—without dietingl—because FiteOne 
burns up to 300 calories in one 20-minute 
workout** 

Fortunately, you needn't be a cross-country 


CONDITIONING. 
Separately adjustable 
resistance controls for arm 
and leg movements. 


EASY TO STORE. 

Unlike NordicTrack*, 
folds to an eight inch 
height—and is about half 
its weight. 


A PERSONAL COACH. 
Four-function electronics 
give you time, strides and 
approximate calories 
burned, plus a pace 
beeper. Auto-scans a 
super sharp LCD display. 


TV 


skier to use the 
FiteOne. Synchro- 
nized skates keep 
your footwork 
locked into a 
natural “walking 
motion.” You 
balance and tone 
your upper body 
with sturdy poles. 
Time zooms by as 
whisper-quiet 
action even permits 
TV viewing. All in 
the privacy of your 
home. 


You Must See It To Believe It 

While words and photos can help 
describe the FiteOne, only after stepping 
aboard and gliding away will you fully 
appreciate its feathered smoothness, its 
solid feel, its almost-sensual styling. 
Knowing this, we arranged a risk-free way 
for you to try it out yourself. 


Test It In Your Own Home— 
Free For 30 days! 

If you're not 100% satisfied, 
we'll pay the return freight! 
We're so sure you'll love your FiteOne 
that we'll take all the risk. We invite you to 

order one today. We'll rush it to your 
home for a free 30 day trial—plenty of 
time to judge its value. And while you're 
trying it, we'll be holding your billing 
instructions until the end of your free 
month! 

So confident are we of your approval 
that we also encourage you to order a 
NordicTrack* (using their 30-day free home 
trial). Compare the two. Then, if you really 
believe that NordicTrack* is worth $300 
more, we'll gladly send United Parcel to 
your home and pick ours up—and we'll 
pay the return freight! What could be 
more fair? Additionally, your FiteOne is 
covered by a two year limited warranty. 
The bottom line is, we've taken the risk. 
You have the upper hand. Now you've 
nothing to do but to try it. 


Request Your Free Trial By Phor 

Speed up delivery by having your Vise 
MasterCard, American Express or Discov 
card handy when you order toll-free: 


1-800-232-3100 


Extension G-1493 


Or mail your check or money order 
(we'll hold it during your free trial) to: 


FiteOne—Dept. G-1493 
18 Fitness Quest Plaza 
Canton, Ohio 44750 


The Intelligent Choice 
Surprisingly, you can own a sleek and 
tireless FiteOne for the breakthrough pri 

of just $295 plus $20 shipping and 
handling. (OH residents add 6% state si 
tax—TN, NC residents add state sales ta 
Big savings over NordicTrack* One mon 
free trial. High quality. Fully assembled. 
The intelligent choice. Order yours toda 


We fit yow fetus 
©1991 Fitness Quest” A division of CONSUMER DIRECT, INC 
FiteOne® is a registered trademark of CONSUMER DIRECT, INC. 
Consult your physician before starting th 
or any other exercise program. 

*Price comparison with the $599 
NordicTrack® Pro (TM) model. NordicTra 
is a registered trademark of the CML Com 
Naturally, you can't exceed your norm 
caloric intake to lose weight through exer 
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$ea simulator 


The U.S. Navy has begun testing sub- 
marine and ship models in a pressur- 
ized water tunnel built on Presidents 
Island in Memphis, Tenn. The new 
$100 million tunnel is a nautical 
cousin of the wind tunnels used by 
aerospace designers. While a wind 
tunnel uses a huge fan to blow air, the 
water tunnel has a 14,000-horsepower 
pump that forces water through a 
closed loop at speeds of up to 35 knots. 
The water tunnel is the largest in the 
world, measuring 240 feet long by 65 
feet high. 

The facility—the Large Cavitation 
Channel (LCC)—is named after a 
problem that faces submarine and 
ship designers, says Bob Etter, project 
engineer at the Navy's David Taylor 
Research Center in Bethesda, Md. 
Cavitation is the formation of low- 
pressure vapor cavities behind pro- 
pellers, sonar domes, and other com- 
ponents, explains Etter. Besides 
reducing a vessel's efficiency, cavita- 
tion erodes its skin and generates 
telltale noises. For submarines, which 
survive on stealth, cavitation can be a 
deadly giveaway. 

Built by Chicago Bridge and Iron, 
the LCC is a quiet, highly instrument- 


TURNING VANES 


14,000-HORSEPOWER PUMP 


The test section of this water tunnel accommodates ship 
and submarine models up to 40 feet long. A hull model with a sonar dome on its bow, 


ed slice of the sea. To minimize noise, 
the lower half of the tunnel is sub- 
merged in water. ^We tried to get the 
tunnel’s noise level down nearly to the 
background level of the ocean," says 
Etter. “If you stand on the test plat- 
form while it's running at 30 knots, 
with 2.2 million gallons a minute go- 
ing past you, you might not notice it's 
turned on." Within the tunnel, though, 
nothing goes unnoticed. Water veloci- 
ty, pressure, aeration, and other con- 
ditions are precisely controlled and 
monitored. 

The LCC rounds out the Navy's fleet. 
of large model-testing facilities. Other 
facilities include a half-mile-long *tow- 
ing tank," through 
which models are 
pulled to compare the 
effectiveness of hull 
shapes; and wave 
tanks designed to test 
ship models’ “sea- 
keeping” in rough wa- 
ters—the equivalent 
of road handling tests 
for cars. 

Why so many dif- 
ferent facilities? “The 
only way to measure 
everything at once is 
to have a full-scale 


shown in the photo at upper right, will Бе bolted to the roof of the test section. 


ship,” says Etter. That’s a slow, expen- 
sive way to work out design glitches. 
By testing models first, the Navy can 
save time and money.—Jon Jefferson 


From grass to gas 


The U.S. Patent and Trademark Of- 
fice awarded its five-millionth patent 
several months ago, more than 200 
years after first granting legal pro- 
tection to an invention. In recogni- 
tion of American achievements in 
biotechnology, officials gave the mile- 
stone patent to the University of 
Florida, where researchers have cre- 
ated a genetically engineered bacteri- 
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Science Newsfront 


PURIFYING WATER WITH SUNSHINE 


uring World War II, workers who 

cleaned aircraft engines and tools at 

a Navy flight-training station in Cali- 

fornia dumped hundreds of gallons of 
solvents onto the ground. The solvents, con- 
taining carcinogenic chemicals such as tri- 
chloroethylene and perchloroethylene, 
seeped into the soil and eventually made 
their way into the ground water. Spills and 
leaks from Lawrence Livermore National 
Laboratory, built after the Navy base closed, 
released additional solvents. 

Since that time, the chemicals have been 
moving toward a nearby residential area. Be- 
cause the contaminated ground water is now 
within three miles of a municipal well, the 
EPA has placed the lab on its Superfund list 
of sites most in need of cleanup. 

This summer scientists from Livermore 
and two other government labs are attempt- 
ing to detoxify some of the polluted ground 
water by pumping it through a system that 
uses solar energy to break down harmful sub- 
stances into nontoxic compounds. If the ex- 
perimental solar detoxification system per- 
forms well, it also could be used to clean up 
spilled fuels, dyes, pesticides, and other toxic 
organic wastes. 

In the experimental setup, tainted water is 
piped through glass tubes containing a 
porous matrix—such as fiberglass fabric— 
coated with a semiconductor photocatalyst, 
such as titanium dioxide. Parabolic mirrored 
troughs focus the sun's rays onto the tubes. 
(The troughs look identical to solar collectors 
used to heat fluids for electricity generation.) 


a photocatalyst. Mirrored troughs 


glass tubing 
п (top) focus sunlight onto the tubes, 
causing chemical reactions that break down toxic organic wastes. 


By VERNON M. CHURCH 


When ultraviolet light strikes the catalyst, 
it reacts with oxygen in the contaminated 
water to form oxidizing agents that attack 
chemical bonds. This process—called solar 
photocatalytic detoxification—breaks organ- 
ic wastes down into carbon dioxide, water, 
and dilute acid. 

The Solar Energy Research Institute 
(SERI) in Golden, Colo., supervises the solar 
detoxification project for the U.S. Department 
of Energy. Scientists at SERI and Sandia Na- 
tional Laboratories in Albuquerque, N.M., 
have developed prototypes of the system 
that will be tested at Livermore. "We've 
shown with our trough system at Sandia that 
we can destroy the contaminants to EPA 
drinking water standard levels of five parts 
per billion," says Jim Pacheco, project man- 
ager at Sandia. 

. The researchers are anxious to find out 
how well the solar detoxification system will 
perform in the field. Naturally occurring min- 
erals in the ground water may reduce the 
system's efficiency. 

Current cleanup methods generally in- 
volve two steps: removing pollutants from 
water, then transporting the wastes to anoth- 
er site for further treatment. However, solar 
detoxification can be done at the contaminat- 
ed site. It can even be used to prevent pollu- 
lion by detoxifying industrial waste streams 
before disposal. In Israel, researchers use a 
similar system to kill bacteria in sewage. 


containing 
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Another approach, still in the experimental 
phase at SERI, uses an array of mirrors to fo- 
cus sunlight on toxic gases in a reaction 
chamber. This "solar furnace" breaks down 
the gases with intense heat—up to 1,832 de- 
grees F—and ultraviolet light. However, this 
process isn't as close to commercialization 
as the water-phase detoxification process. 

Although solar detoxification costs up to 
five times as much as other methods, SERI 
researchers claim the cost will be competi- 
tive by the mid-1990s. “I don't think that solar 
detox can go head-to-head with other con- | 
taminant treatment technologies in all in- 
stances,” explains A.J. Boegel, a group lead- 
er in the Environmental Restoration Division 
at Livermore. But, he adds, “if you can get | 
the solar detoxification system to work effec- 
tively...it can save a lot of energy. So it does 
have a future, and we'll know later this sum- 
mer how bright that future is.” | 


um that can help turn waste into fuel. 

Lonnie Ingram, a professor of micro- 
biology who led the research team, 
says the bacterium is "unlike any- 
thing in nature." With the help of two 
other scientists, Ingram spliced genes 
from Zymomonas mobilis—an etha- 
nol-producing bacterium—into Es- 
cherichia coli, a common bacterium 
capable of breaking down plant sug- 
ars. The new microorganism can con- 
vert the sugars contained in virtually 
any organic material—including grass 
clippings and paper products—into 
ethanol. Purified ethanol can be used 
as a fuel or as an octane booster for 
gasoline. 

The new organism doesn't work 
directly on waste materials, which 
must first be broken down into their 
component sugars by enzymes or 
acids. “One can't just spray this organ- 
ism on pine trees or sawdust,” Ingram 
says. But the bacterium plays a vital 
role in the waste-to-fuel process. 

That process could help solve two 
problems: It could dramatically reduce 
the amount of materials we put into 
landfills, and it could lessen our de- 
pendence on petroleum-based fuels. 
"This organism gives mankind its first 
economical, totally renewable, envi- 
ronmentally benign liquid fuel," 
claims Thomas Hayes-Morrison, pres- 
ident of BioEnergy International, in 
Gainesville, Fla., which will market 
the process.—Jeff Wallach 


Jellied water 


Plants left unattended during a vaca- 
tion need not go thirsty; they can sur- 
vive on DriWater, a biodegradable gel 
that releases water as it disintegrates. 
The brainchild of 84-year-old chemical 
engineer and inventor F. Lee Av- 
era—who patented a process that 
makes Skippy peanut butter spread 
more easily—DriWater consists of 
97.85 percent water, two percent veg- 
etable gum, and 0.15 percent alum, 
which bonds the material into a stable 
gel form. 

A seven-ounce cup of DriWater wa- 
ters a five- to nine-inch potted plant 
for about 30 days and costs $1.49. A 
quart carton releases water over a 
three- to four-month period, perfect for 
helping plants thrive during the hot 
summer growing season. 

To use DriWater, remove the foil 
seal from the cup or slice off the bot- 
tom of the carton, and place the con- 
tainer’s open end in moist soil next to 
the plant. Natural bacteria in the dirt 
slowly devour the gel, which gradually 
releases the water. 

“DriWater is ideal for watering 


girders (beams) to cables (strings). 


house plants while a family is on vaca- 
tion, sustaining landscaping in 
drought areas, and helping tree 
seedlings grow,” says Robert Brent, 
president of DriWater, Inc., in Se- 
bastopol, Calif. “It eliminates root rot 
caused by over-watering and can be a 
lifesaver for plants in parched regions. 

“Our company is currently talking 
with the United Nations about using 
DriWater for projects in Africa, such 
as growing cashew orchards in Gam- 
bia and initiating reforestation in arid 
countries,” he adds. “We see this prod- 
uct as a potential way to fight back 
against the devastating effects of 
worldwide drought.” 

According to the inventor, DriWater 
also has a potential medical applica- 
tion for treating burn victims. The 


nontoxic, jellylike substance can help | 


keep scar tissue moist as it heals. 
—Michael Sheehan 


Pedaling around the Green Dome in 
Maebashi, Japan, on their light- 
weight, super-efficient machines, few 
competitors at last year’s Summer 
World Cycling Championships real- 
ized that the roof of the arena is also a 
model of structural efficiency. 

The Green Dome is known as a 
beam-string structure. Each “beam” is 
a trussed girder supported by a vertical 
that rests on a tensioned steel cable, or 
“string.” The cable and vertical fit to- 
gether like a bow and arrow, with the 
arrow pointing at the sky, explains Hi- 
roh Tominaga, a structural engineer 
with building contractor Shimizu Corp. 

In beam-string structures, the verti- 
cals transfer part of the weight of the 
roof to the steel cables. Because the 
whole assembly is relatively 
lightweight, the building’s supporting 


STEVE STANKIEWICZ 


columns can be smaller, allowing for 
bigger windows. While the principle 
has been understood for some time, 
the difficulty of erecting beam-string 
structures has made them a rarity. 

To build the Green Dome, Shimizu 
workers had to install temporary 
scaffolding at the center of the arena. 
Atop the scaffolding, they built the 
roof’s central tension ring and verti- 
cal members. Next, they erected 
trussed girders, spanning from the 
perimeter walls to the center. Then 
they strung cables between the ten- 
sion ring and the ends of the girders. 

Finally, the workers tightened the 
cables. Jacks applied a force of 165 
tons to the shortest cables in the oval- 
shaped dome, and 105 tons to the 
longest cables. To avoid pulling the 
building out of alignment, all 68 ca- 
bles were simultaneously tensioned 
over a period of three days. The ten- 
sioning lifted the roof off the tempo- 
rary scaffolding. With the scaffolding 
removed, the Green Dome has a col- 
umn-free floor area of 548 by 400 feet. 
It is the world’s largest beam-string 
structure, claims Shimizu. 

The shape of a beam-string roof is 
aesthetically pleasing, says Senji 
Umemura, the project's architect at 
MHS Planners, Architects & Engi- 
neers. The roof's low rise helps the 
large hall fit more gracefully into its 
surroundings.—Dennis Normile 


Tougher treads 


The cracked, brittle rubber you may 
have seen on your car's tires or wind- 
shield wipers could soon be obsolete. 
Joseph Silverman, a professor of ma- 
terial science and nuclear engineer- 
ing at the University of Maryland in 
College Park, has modified the curing 
process for the most commonly used 
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SUNLIGHT 
CHANDELIERS 


By DAVID SCOTT 


he lofty departure lounge of the Manchester airport in Eng- 

land is bathed in reflected sunlight from dawn to dusk with 

natural full-spectrum illumination that's easier on the eyes 

than artificial light. Four 20-foot-long crystal chandeliers re- 
cently were converted from electric bulbs to solar power in a 
$200,000 project. 

Called Lightron, the system was developed by Bomin Solar in 
Lorrach, Germany. For each chandelier, there's a sun-tracking he- 
liostat on the airport roof. This bounces the light through a glass- 
domed opening via a fixed-angled mirror. The concentrated beam 
shines vertically down the hollow chandelier onto an internal array 
of small prisms and mirrors called a sparkle tube, which diffuses the 
sunlight sideways onto the surrounding glass elements (see illustra- 
tion below). 

The heliostats are controlled by a custom computer that is pro- 
grammed until the year 2500, says Bomin marketing manager Klaus 
Klompenhouwer. "Here daylight has the energy equivalent of around 
two kilowatts," he says. "You'd need eight kilowatts of artificial light 
for the same effect. But energy conservation is not generally billed as 
a major factor because you need electricity for the tracking motors 
and computer. The big thing is that we bring sunlight indoors—where 
there's normally none—and provide this light without heat. Special 
mirrored glass that filters out infrared radiation does the trick." 

For night operation, Klompenhouwer explains, each chandelier 
has four kilowatts of integrated floodlight that can't match sunlight 
for brightness. The artificial lights are switched on and off automati- 
cally by the computer. Easy maintenance is an advantage of the 
converted chandeliers because there's no need to clean or replace 
numerous electric bulbs, a difficult and time-consuming job. 

Lightron installations in Germany have added brilliance to a BMW 
showroom in Munich, the atrium lobby of a Frankfurt bank, and a 
shopping mall in Darmstadt. The largest facility is a mammoth solar 
lighting system at the Stuttgart airport, which has 48 tracking he- 
liostats, 96 fixed mirrors, and 144 floor-based reflectors. 

While it has no immediate plans to bring the system to the U.S. 
housing market, Bomin Solar now is targeting American business- 
es—and not just windowless inner offices. "Summer sun through big 
windows heats the room," says Klompenhouwer. "So you turn up the 
air conditioner and perhaps pull down the shade and switch on the 
lights. You're wasting energy. With our system, you have light Уо 
heat for a big saving." 
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Parabolic heliostats beam the sun’s rays onto fixed mirrors that direct them 
into the chandeliers. “ 
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synthetic-rubber compound, styrene- 
butadiene rubber (SBR), to produce 
longer-lasting “super SBR.” 

The U.S. Army funded Silverman’s 
research, aimed at developing a more 
durable rubber for the pads on tank 
treads. Field tests show that tank 
pads made of the new rubber last up 
to three times longer than convention- 
al pads. The real breakthrough, 
though, is how the new rubber fares in 
the environment: Super SBR resists 
oxidizing agents, such as ozone, up to 
10 times better than ordinary rubber. 

The tougher rubber contains the 
same basic ingredients as convention- 
al rubber, with only minor differences 
in additives. In Silverman’s process, 
though, the material is bombarded 
with a high-energy electron beam. 
This alters the cross-links, chemical 
bonds that affect the elasticity and 
strength of the rubber. In the new rub- 
ber, adjacent chains of atoms are di- 
rectly cross-linked, carbon to carbon; 
conventional rubber has two sulfur 
atoms between the carbon chains. 

Super SBR could be used to make 
industrial belts and other products 
that are exposed to abrasion at high 
temperatures. The tougher rubber 
could also extend the lifetime of out- 
door products, such as pool liners. Ini- 
tially, super SBR will cost 10 to 15 per- 
cent more than conventional rubber, 
but its longevity should justify the 
cost.—Suzanne Kantra 


Supernova in our galaxy? 


Aiming their 27 radio telescopes at the 
center of our galaxy, astronomers at a 
New Mexico observatory hope to learn 
the identity of a mysterious high-ener- 
gy object. 


RAY NELSON 


A mysterious (marked 
dd 
The large, red formation is Sagittarius-A. 


supernova. 


Astronomers at the Very Large Ar- 


ray (VLA) radio observatory in Socor- 
ro first noticed the object in mid- 
March while examining radio images 
that were made in December 1990. A 
small, bright blob appeared on De- 
cember 28, near the energetic Sagit- 
tarius-A region thought to contain a 
black hole. By January 20, the un- 
identified object had become im- 
mensely powerful, pouring out as 
much radio energy as Sagittarius-A 
itself. The object, dubbed the Galactic 
Center Transient, then began to fade. 
In the following months, it continued 
to weaken, but had sporadic resur- 
gences of energy; this overall pattern 
could be the signature of a superno- 
va—a giant star that becomes so mas- 
sive it eventually collapses inward 
and explodes. “Everybody would like 
it to be a supernova,” says VLA direc- 
tor Miller Goss, “but we've got to have 
more evidence.” 

Observations under way at the 


VLA and other radio observatories 


should reveal the transient object’s 
identity. Supernovae are rare, occur- 
ring only once every 50 to 100 years in 
our galaxy, and our galaxy has not 
produced a visible supernova for 400 
years. The last supernova visible to 
the naked eye was in 1987 in the 
Large Magellanic Cloud galaxy 
170,000 light-years from Earth. If the 
Galactic Center Transient is in fact a 
supernova, you will never see it in the 
night sky. It’s hidden in the thick dust 
at the center of the galaxy, visible on- 
ly to radio and X-ray instruments. 
—Ray Nelson 


Global thermometer 


How do you tell if the globe is warm- 
ing? Listen to it, of course. Or so says 
Walter Munk of the Scripps Institu- 
tion of Oceanography in La Jolla, 
Calif., who hopes to take Earth’s tem- 
perature by measuring the speed of 
sound in its oceans. 

Hard data on global warming have 
been difficult to obtain, in part be- 
cause of Earth’s sheer size: Warming 
in one part of the globe may not mean 
the whole thing is heating up. Because 
it’s long been known that the speed of 
sound traveling underwater increases 
as the water warms, Munk proposes 
clocking sounds over vast oceanic dis- 
tances—up to 11,000 miles—to rule 
out localized effects. 

The experiment Munk and an inter- 
national team of scientists have de- 
signed would place a huge loudspeaker 
in the southernmost part of the Indian 
Ocean and listening posts around the 
globe. High-decibel, low-frequency sig- 
nals would be emitted once a week for 
10 years. If global temperatures are 
rising as computer models have pre- 
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dicted, measurements will show the 
sound signals accelerating steadily, 
Shaving a quarter-second off their 
transoceanic time each year. 

In a five-day trial earlier this year, 
Munk and his collaborators proved a 
sound signal could be transmitted 
underwater from tiny Heard Island 
near Antarctica to as far away as 
America's West Coast. To carry the 
sound signal around the world, Munk 
relied on a natural phenomenon 
known as the wave guide, a layer of 
water that transmits sound extraor- 
dinarily well. 

But Munk's experiment has 
alarmed some environmentalists, who 
say that too little attention was paid 
to the effect the signal might have on 
marine animals such as whales, 
which may use the wave guide for 
communication. 

The criticism prompted Munk to 
add a team of marine biologists to his 
crew; their mission was to monitor the 
reaction of marine life to the trial. En- 
vironmentalists say, however, that 
more study is needed before the exper- 
iment can be considered ecologically 
sound. There's time to do so; according 
to Munk, it will take at least two years 
to start the full-scale experiments. 
—Tom Szentgyorgyi 


Cold engine 


Carrier Corp. plans to market a cool- 
ing system that can reach tempera- 
tures as low as minus 321 degrees F 
without using the ozone-destroying 
chlorofluorocarbons (CFCs) currently 
found in most refrigeration devices. 
The cryogenic cooler, or cryocooler, 
may be ideal for chilling computer 
memory chips. Cool chips operate 
faster and are more reliable. 

The cryocooler is based on an en- 
gine invented in 1816 by Scottish 
clergyman Robert Stirling. The Stir- 
ling engine consists of a gas-filled 
cylinder fitted with a piston. When 
the gas trapped beneath the piston is 
heated, it expands, pushing the pis- 
ton upward to do work. However, this 
process can also run in reverse. If the 
piston is pulled upward, the expand- 
ing gas beneath it will absorb heat. 
By alternately compressing and ex- 
panding the gas, the Stirling system 
pumps heat from one side of the de- 
vice to the other. 

The cryocooler uses helium as its re- 
frigerant gas, rather than ozone-dam- 
aging CFCs. It has other benefits too. 
“It has been designed to operate at low 
levels of vibration and low levels of 
noise,” says Gerald Robertson, direc- 
tor of advanced electronics cooling at 


A cryogenic cooler built by Carrier Corp. uses helium gas as a re- 
frigerant, rather than ozone-destroying chlorofluorocarbons. The 
cryocooler can chill computer chips to minus 321 degrees F. 


Carrier's facility in Syracuse, N.Y. “It 
could actually be run in an office envi- 
ronment. It doesn’t need a machine 
room.” 

Carrier, a subsidiary of United 
Technologies Corp., is one of several 
companies that are currently devel- 
oping Stirling engines for refrigera- 
tion.—Vernon M. Church 


Synthetic spider silk 


Researchers at the University of 
Wyoming have isolated the genes that 
enable spiders to produce silk for their 
webs and have spliced those genes in- 
to bacteria. The bacteria can now pro- 
duce the proteins that give spider silk 
its remarkable strength and elasticity. 

Some types of spider silk are actual- 
ly five times stronger than steel. Spi- 
der silk also resists water damage 
and, as many a flying insect has 
learned, is able to stretch up to 30 per- 
cent of its length without breaking. 

Because of these unique properties, 
researchers have been investigating 
spider silk’s use for a variety of appli- 
cations: thread to stitch up wounds, 
material for bulletproof vests and arti- 
ficial ligaments, aircraft-carrier catch 
cord, and machine-washable silk 
clothing. 

To get silk from a spider, you anes- 


thetize the spider and 
tape its legs down, grab 
the fiber with tweezers, 
attach it to a spool on a 
variable-speed drill, and 
spin it out. But "silking" 
is a time-consuming pro- 
cess, so scientists have 
turned to genetic engi- 
neering to find a way to 
produce the silk without 
spiders. Dr. Randy 
Lewis, a professor of 
molecular biology at the 
University of Wyoming, 
recently succeeded in iso- 
lating the two proteins 
that make up spider silk 
and cloning the DNA cod- 
ing for the proteins into 
bacteria. 

The bacteria produce 
the proteins, but they 
don't spin them into silk. 
"You have to dissolve the 
proteins and force them 
through a very small di- 
ameter needle," says 
Lewis. “You can form a 
fiber by doing this. It is 
roughly equivalent to 
what the spider does." 
This synthetic silk fiber 
then can be used like 
any other thread. 

Lewis is trying to determine what 
ratio of the two proteins is needed to 
create the best possible synthetic 
fibers. Once the fiber is perfected, 
Lewis expects the first use will be in 
apparel. ^I think there is some fantas- 
tic clothing that could be made out of 
spider silk, because it has all the 
sheen and suppleness that silkworm 
silk has, but it has one thing that silk- 
worm Silk doesn't have: elasticity. So, 
for example, you could make silk 
stockings that would have the same 
elasticity as nylon, but you could 
throw them in the washing machine." 
—Oliver Fultz 


Science notes 


*The average right-handed person 
lives 75 years, while the typical leftie 
dies at 66. That’s the finding of two 
psychologists who reviewed 987 deaths 
in two Southern California counties. 
*Geologists say strains are building 
along a fault line in the Pacific North- 
west region of the United States, and 
could cause an earthquake measuring 
up to 9.5 on the Richter scale. Such a 
quake would topple most of the build- 
ings in Portland, Ore., and Seattle, 
where building codes do not include 
earthquake provisions. us 
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Automotive Newsfront 


Edited by DAN McCOSH 


SINGLE TIMING CHAIN 


The Mercedes Benz V12: at 402 hp, a pinnacle of power that may never be duplicated again. 


V12s: last of the breed? 


One way to win at poker is to get 
ahead, then make a bet so big that it 
wipes out your opponent's bankroll 
just to call it. So it is with the new 
402-horsepower six-liter V12 under 
the hood of the new 600 S-class Mer- 
cedes Benz, which sets what may end 
up as the all-time high-water mark for 
both horsepower and fuel consump- 
tion in a production sedan. 

The awesome power of the machine 
takes the 4,820-pound curb weight of 
the 600 SEL to 60 mph in less than 
seven seconds with digitized preci- 
sion, saving its breath for a high- 
speed rush as power continues to 
build toward an advertised, self-lim- 
ited top speed of 155 mph. 

This performance was expected 
from a company whose single effort is 
to dominate a race that few manufac- 
tures are even willing to enter. The 
V12 offers inherent smoothness, 
torque, and free-revving horsepower, 
but is playing brinkmanship with the 
mounting pressure to improve fuel 
economy and exhaust emissions. 

The best estimates of the 600 SEL's 
fuel mileage are the EPA's ratings of 


11-mpg in the city and 16-mpg on the 
highway. In the United States, such 
ratings will add a gas-guzzler penalty 
to the base price ofthe car, which Mer- 
cedes says will be in the $100,000 to 
$125,000 price range. 

With 66 hp per liter of displace- 
ment, the new Mercedes V12 gener- 
ates about the same specific output as 
the 380-hp 5.7-liter Corvette LT5 V8 
and is well ahead of its two arch-rival 
V12s, the 296-hp V12 in the BMW 
750i sedan and 850i coupe, and 
Jaguar's 5.3-liter 263-hp V12 in the 
current XJS coupe. 

Specific fuel consumption is compa- 
rable to the other two prominent 
V12s. BMW's V12—with two valves 
per cylinder coupled to a six-speed 
manual—is scarcely an improvement, 
with its 12 mpg/ city and 19 mpg/high- 
way EPA ratings for the 4,320-pound 
850i coupe. Jaguar gets 13 mpg/city, 
17 mpg/highway out of the 4,050- 
pound XJS. 

The prospect of gambling with sin- 
gle-digit fuel economy figures while 
the U.S. Congress is considering 
mandating a fleet fuel-economy aver- 
age of 40 mpg is enough to discourage 
U.S. manufacturers from pursuing 


the V12 programs examined a few 
years ago. Today, the high-output en- 
gines are small-displacement V8s in 
the 300-hp range with four-valve-per- 
cylinder heads. Aside from the antici- 
pated efficiency, the new generation 
of V8s is compatible with volume as- 
sembly lines, which reduces the cost 
of production. 

The new Mercedes Benz V12 engine 
is equipped with a seven-liter catalyt- 
ic converter that is nearly the size of a 
standard water pail, a clear indication 
of the difficulty of controlling emis- 
sions from its twin banks of cylinders, 
each with a 24-valve cylinder head. 
The engine is built up from primary 
components that are supplied by Mer- 
cedes' in-line six-cylinder, although 
considerable development work was 
spent on the chain drive for the four 
overhead camshafts. 

The massive V12-powered Merced- 
es 600 SEL chassis performs with an 
agility that belies its overall weight. It 
adds up to a car that in all likelihood 
will carry mainly heads of state and a 
few thousand of the most affluent 
Americans. 


Cooler heads prevail 


И you believe that the summer's heat 
makes you sluggish, Volvo researchers 
offer scientific proof. They tested a 
group of drivers aged 25 to 65 years for 
their reaction time to a variety of traf- 
fic situations under two temperatures. 
First a comfortable 70 degrees F; then 
a warmish 80.5 degrees F. 

The car was rigged to spring vari- 
ous surprises, which drivers reacted 
to by hitting a button on the floor. The 
cooler heads prevailed; the response 
times were about 22 percent longer in 
warmer weather. 

The tests were run by Volvo's cli- 
mate control division, which makes 
the company's automotive air condi- 
tioning systems.—David Scott 


Nissan/Ford minivan 


Nissan recently, and rather suddenly, 
threw the wraps off its joint venture 
project with Ford, a front-drive mini- 
van that Nissan will call Quest and 
Ford’s Lincoln-Mercury division will 
sell as the Mercury Villager. Both ve- 
hicles are expected to go on sale by the 
summer of 1992. The seven-passenger 
minivan will be powered by Nissan’s 
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Automotive Newsfront 


Eaton Corp.’s high-efficiency AC electric motor 
for electric automobiles has a 40-hp continuous 
and 60-hp peak rating. 
three-liter V6, with a four-speed auto- 
matic transaxle. 

Nissan engineers, working in leased 
quarters in Michigan, started the pro- 
ject in Japan and then moved it to the 
United States. Nissan-made tools and 
dies will be used in the Ford produc- 
tion facility in Avon Lake, Ohio. Ford 
designed the air conditioning system 
and instrument panel. 

The slippery-shaped van will have 
unconventional seating capabilities. 
The rear-most seat can be locked into 
several forward positions with or 


without the center set of seats re- 
moved, allowing variable-cube cargo 
spaces for different family needs. 
Considerably more carlike than 
Ford’s Aerostar, the front-drive van 
appears to be the closest competitor so 
far to the popular Chrysler mini- 


er and makes heavy-duty industrial 
electric drive systems, including some 
for industrial vehicles. It expects to be 
a major player in the upcoming move 
toward electric vehicles. Recently, 
Eaton completed an electric drive sys- 
tem that is based on a Chrysler mini- 


vans.—Jim McCraw van, a relatively short-range, medi- 
um-performance effort. I quickly 
Driving an electric accepted an invitation to take a test 


To turn on a prototype electric van de- 
veloped by Eaton Corp. in Southfield, 
Mich., you first put the key in the ig- 
nition switch and twist it to the right. 
Its a familiar action, but also a bit 
disconcerting, once you realize there 
is no starter motor. Instead, there is a 
quiet “click” as a solenoid activates 
the power in a bank of nickel-iron 
batteries. 

In fact, there is no reason to “start” 
the van. But using a standard ignition 
switch is part of Eaton’s strategy to 
make its electric van familiar to driv- 
ers who are used to gasoline-powered 
vehicles. When the van is put in gear, 
it “creeps,” just as if a gasoline engine 
were idling with an automatic trans- 
mission. This is part of the same strat- 
egy, helping to make electric vehicles 
as palatable as possible, says an 
Eaton engineer. On the practical side, 
it also helps the van’s grip on a hill at 
a stoplight. 

Eaton is a major automotive suppli- 


drive. 

I stepped on the “gas,” for a quick 
spin, pleasantly surprised as the van 
stepped swiftly out into traffic. Above 
40 mph, merging with higher speed- 
ing cars on an entrance ramp, it 
wasn't quite so fast, however, and 
keeping up on the expressway was 
stretching its upper limits. The Eaton | 
van is based on a standard Chrysler 
minivan and has a superior ride, 
mainly due to the additional weight of 
the nickel-iron battery pack that is 
stored under a slightly raised floor. 
This cuts some of the van's interior 
height, but leaves the exterior virtual- 
ly unchanged. 

Under the hood, the electric motor 
leaves a considerable amount of un- 
used space compared with a standard 
gasoline engine. There's a convention- 
al battery that powers the lights and 
other 12-volt electrical accessories. 

Eaton doesn't make outlandish 
claims for its drive line, and in fact is 
conservative in estimating range, not- 


QUICK-CHANGE VALVE TRAIN 


An ingenious system to control valve timing, developed by Ger- 
many's Siemans automotive group, is being carefully evaluated by 
several automobile companies. The mechanism uses a conventional 
camshaft, ground for high-speed performance, but adds an ultra- 
high-speed valve to bleed off the fluid in a hydraulic valve lifter, even 
in mid-stroke. 

Timed properly by the engine control computer, this can delay 
valve openings, change valve timing, or even prevent valves from 
opening at all, which makes it possible to shut down a cylinder tem- 
porarily until more power is needed. The latter effect is similar to the 
short-lived system introduced by Bendix Corp. in the late 1970s, 
which used an electric solenoid to disable a cylinder's valve as a way 
of improving fuel economy. 

The new Siemans variable valve control system is less flexible 
than an all-electric or pneumatic valve train that operates indepen- 
dent of a camshaft, but it offers the benefit of needing little additional 
energy, because it is bleeding off pressure, rather than attempting to 
create it. & 

It is more flexible, however, than the two-phase valve timing sys- 
tems used on the several current production engines made by Hon- 
da, Nissan, and Mercedes. The Siemans system alters not only the 
timing of valve operation but its duration as well. Full control of the 
valve event offers the potential of broadening the torque range, im- 
proving fuel efficiency and reducing emissions. 

The elegant simplicity of the system is achieved mainly by recent 
advances in extremely high-speed hydraulic valves combined with ul- 
tra-high-speed computer control. Similar technology has other promis- 
ing applications too. Careful control of the fluid flow in mid-stroke of a 
hydraulic shock absorber is a promising, low-cost alternative to full ac- 
tive suspension systems, according to Siemans engineers.—D. M. 


Siemans variable valve control system varies 
the pressure in the lifter device in millisec- 
onds, thus controlling valve lift during a sin- 
gle rotation of the camshaft. 
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ing that if reasonable acceleration and 
top speed are achieved, it would be 
difficult to exceed 70 miles between 
charges. Obviously, the batteries still 
remain the limiting factor. 


Battery breakthrough? 


A battery that stores enough energy 
to match the range of a gasoline-pow- 
ered car is the holy grail of electric car 
engineering. Despite the extensive re- 
search prompted by today’s renewed 
interest in electric vehicles, no such 
breakthrough is on the horizon. 

But one alternative to making a 
long-range battery is to manufacture 
one that can be recharged quickly. Nis- 
san Motor Co., in a joint project with 
Japan Storage Battery Co., announced 
that it has developed batteries that can 
be recharged to 40 percent of their ca- 
pacity in about 10 minutes. 

Nissan’s quick-recharge lead-acid 
battery uses thin electrodes and a 
high-density paste to cut the recharge 
time to 12 minutes. The batteries are 
also reshaped to radiate heat and use 
low-resistance poles—the major con- 
nectors between the battery and the 
electrical system—to help the electric- 
ity flow into the battery quickly and 
more efficiently. A nickel-cadmium 
battery shows even more promise, 
recharging in only six minutes with a 
higher energy density. Compared with 
gassing up, that’s still a relatively 
long wait in a recharging station. But 
it beats pushing an electric car home. 


The self-adjusting seat has a network of sensors 
that measure pressure to maximize driver comfort. 


Smart seat 


Just when you were getting used to 
figuring out the intricacies of all the 
pre-programmed adjustments avail- 
able in the various memory seats on 
the market, Biomechanics Corp. of 
America, a specialized ergonomics re- 
search company in Melville, N.Y., has 
developed the next logical step—a so- 
called intelligent seat that measures 
the driver and adapts automatically to 
his or her individual lumps and bumps. 


The seat has a network of sensors 
installed under the upholstery that 
measures load distribution and uses 
the information to adjust the various 
bolsters and lumbar supports auto- 
matically, based on ergonomic studies 
that measured the best fit for proper 
comfort and reduced fatigue. 

Biomechanics has done extensive 
computer studies of seating comfort 
for both automobiles and office furni- 
ture. One of the company’s findings is 
that a person’s posture changes as fa- 
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Automotive Newsfront 


Mitsubishi's two new Expo models are the 
latest expressions of the so-called “high hat" 
small station wagon—based on a subcom- 
pact passenger chassis, with multiple rows 
of bucket seats, liftbacks, and a high roof 
line. The two models join the efforts of Hon- 
da, Toyota, and Nissan to combine econo- 
my with a modicum of load-carrying ability. 

Mitsubishi hopes to sidestep some of the 
problems that prompted Nissan to drop its 
Axxess sliding-door van by offering either a 
lower cost, short-wheelbase five-passen- 
ger model or a longer seven-passenger 
van. Either version is available in two- or 
four-wheel drive. 

The Expo LRV is the kid brother of the 
group, with a single sliding side door and a 
removable back seat that gives up enough 
room to allow two full-size bicycles to be 
carried in the back. 

The full-size Expo, on a 107-inch wheel- 
base, has three rows of seats that fold flat 


tigue sets in, altering the shape of the 
spine. The company's intelligent seat 
automatically accommodates these 
changes as they occur. 


World's cleanest car? 


California’s Air Resources Board 
(CARB), overseer of the sources of pol- 
lution that are mobile, prides itself on 
setting the world’s toughest motor ve- 
hicle emissions standards. Automo- 
biles sold in California meet more 
stringent emissions standards than 
those now sold in the other 49 states, 
and in the near future even tougher 
standards will be mandated. CARB is 
pushing for what may be termed a 
“practical car of the future,” or at least 
prompting others in the industry to de- 
sign it to meet CARB’s vision. 

Volvo's version of that car of the fu- 
ture leaves out the “world of tomor- 
row" visual cues commonly seen at au- 
to shows. The Swedish car company 


KPO SIBLINGS GO SEPARATE WAYS 


to provide several forms of bedlike accom- 
modations, swinging doors, and consider- 
ably more luggage space. 

The LRV has a 113-hp 1.8-liter single- 
overhead-cam 16-valve engine, while the 
Expo gets upgrades to a 2.4-liter power 
plant producing 116 hp with two valves per 
Cylinder, but more torque. 

Both are relatively carlike on the road, al- 
though they favor the cab-forward feel 
that's typical of vans, and the soft suspen- 
Sion gives plenty of body roll. Seven-pas- 
senger space, as claimed for the long- 
wheelbase Expo, is stretching it a bit, 
although six people, two in each row, are 
relatively comfortable. 

The overall impression is one of two 
good package-carriers, with considerable. 
promise as long-distance runners. On the 
other hand, they offer less true capacity 
than the slightly larger minivans and are 
less agile than most sedans.—Dan McCosh 


has built five modified 940 sedans to 
be tested for two years by CARB and 
the South Coast Air Quality Manage- 
ment District, which covers the Los 
Angeles basin. A California regulatory 
spokesman says that Volvo's prototype 


AIR- FUEL 
CORRECTOR 


flexible-fuel vehicles promise to be 
“the cleanest liquid-fueled vehicles ev- 
er tested.” 

The Volvo 940s have been modified 
to run on any blend of methanol and 
gasoline, from straight premium un- 
leaded to M85 (85 percent methanol 
and 15 percent gasoline). Minor 
changes in the fuel system would al- 
low the substitution of ethanol (de- 
rived from grain) for methanol, which 
can be produced from either coal or 
natural gas. 

Modifications to the Volvos include 
an increase in the compression ra- 
tio—11:1 (with new pistons)—to take 
advantage of the blends’ higher oc- 
tane; larger stainless steel injectors; 
an air pump (to achieve the correct 
air-fuel mixture in the catalyst); and 
most significantly, an electrically 
heated pre-catalyst. 

The pre-catalyst, which is also being 
tested for future gasoline-powered 
cars, uses an electrical element to heat 
it quickly to operating temperature. 
Such a system requires its own trunk- 
mounted battery and a larger alterna- 
tor to supply the dual batteries. 

According to CARB, almost half of 
the hydrocarbons produced during a 
20-mile trip are produced during cold 
startups. With the lower combustion 
temperatures of methanol and meth- 
anol blends, cold startups are an 
even bigger problem. The pre-cata- 
lysts used in the test 940s are acti- 
vated by the ignition switch and be- 
come operational in as little as 10 
seconds—lowering startup emissions 
by as much as 50 percent. Actual cat- 
alyst performance is affected by am- 
bient temperature and the fuel blend 
used. 

If the pre-catalyst temperature de- 
creases at any time, the computer- 
controlled electric heater comes back 
on-line, ensuring effective catalyst 
performance. 


MAIN 
CATALYST 


CONTROL 
UNIT 


AIR PUMP 


CAROL DROZDYK. 


Volvo's variable-fuel car is equipped with an electrically heated catalyst for emissions control. 
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Volvo's closed-loop Lambda Sond 
oxygen feedback system and a three- 
way main catalyst from the standard 
940 are retained. Methanol is highly 
corrosive, so all rubber has been re- 
moved from the car's fuel system, 
and the plastic and metal have been 
replaced with corrosion-resistant 
variants. 

Volvo uses an optical sensor that 
reads methanol percentages. The 
modified 940 instrument panel has a 
digital readout that tells the driver 
what mixture is being used. Regard- 
less of fuel, operation of the vehicle re- 
mains the same. 

Horsepower of the 2.3-liter single- 
overhead-cam four-cylinder has in- 
creased from 120 to 130 hp at 5,900 
rpm (on M85). Power decreases as 
methanol content of the fuel blend 
drops. Conversely, the combined EPA 
mileage is 23 mpg operating on gaso- 
line, 16 on M85. 

No attempt has been made to maxi- 
mize range or emissions performance 
by lowering weight, improving aero- 
dynamics, or reducing acceleration— 
the body, suspension, and drive-train 
aft of the engine remain standard. 
—Len Frank 


Advanced Alfa 


Italian car manufacturer Alfa Romeo 
—so avant-garde in the 1950s it still 
manages to retain most of its aging 
technology—is now trending toward 
the full-boat technology approach long 
dominated by the Japanese. 

Alfa recently unveiled the Proteo, a 
new prototype that could become the 
new 164 coupe—a showcase and test 
bed for Alfa Romeo technology. The 
car’s four-wheel drive is accomplished 
with an original system developed 
jointly with Germany’s Steyr; it has 
an electronically controlled center cou- 
pling that automatically splits engine 
torque between the front and rear 
wheels from 0 to 60 percent, according 
to traction needs at any given mo- 
ment. This is accomplished by varying 
the volume of silicon fluid in the vis- 
cous coupling, and thus the internal 
hydraulic-pressure-controlling inter- 
axle slip. 

The 164 also has speed-dependent 
four-wheel steering, with the rear 
wheels steered by electrohydraulic ac- 
tuators controlled by a microprocessor. 
Alfa combines opposite-steering abili- 
ty, to aid parking, with same-phase 
steering, to enhance high-speed ma- 
neuverability—the approach taken by 
Honda’s mechanical system. Road grip 
also is enhanced by a variable-rate 
shock system. 


Alfa Romeo's prototype coupe, the Proteo, has a 24-valve transverse engine and four-wheel steering. 


The high-waisted body is distin- 
guished by triple buglike headlights 
sunk into tiny portholes in the nose. 
The cockpit is enclosed entirely by 
glass, which is a special solar-control 
type embodying a metallic film that re- 
flects infrared radiation. The hard top 
disappears for open-air motoring. An 
ingenious mechanism slides the trunk 
deck rearward, then lifts off the rear 
window and turns it to vertical to drop 
behind the seats. The glass roof follows 
it into the trunk, and the deck closes 
over both.—David Scott 


Two-stroke note 


Chrysler Corp. signed an agreement 
recently with the Mercury Marine 
Division of Brunswick Corp. to fur- 
ther develop its two-stroke engine 
technology. The agreement, which 
covers both the engineering and man- 
ufacturing of the engine, steps up the 
race to be the first company to mar- 
ket a two-stroke engine for a passen- 
ger vehicle. Emissions durability 
continues to be the main stumbling 
block. Us 
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Electronics Newsfront 


Hands-free hi-fi 


Drivers who glance even 
briefly at their car radios in 
order to tune them may cause 
an accident. Now there's a 
partial solution: a voice-con- 
trolled car-audio system from 
Sanyo that lets you change 
stations while keeping both 
hands on the wheel and both 
eyes on the road. 

Sanyo's Excedio car audio 
series has a speech-recogni- 
tion module inside the tun- 
er/tape deck and a clip-on 
mike for sun visors. You pro- 
gram the recognition mod- 
ule by speaking 20 short 
commands in a set sequence, 
including a password that 
gets the module's attention. 
Then, while cruising along, 
you utter the password, and 
the system beeps twice in 
acknowledgement. If you is- 
sue a voice command such 
as "tuner, one," the system 
Switches to the preset sta- 
tion number. 

The voice pattern for each 
of the 20 commands is stored 
in the system's memory and 
then matched against the 
commands as they are spo- 
ken. This means you can create an en- 
tirely idiosyncratic command set, call- 
ing the tuner *CD," and the CD 
"tuner," for example, or naming preset 
station one “Nancy.” The device re- 
sponds to whatever is programmed. 

The problem? "You have to remem- 
ber what commands you pro- 
grammed,” says Ryozi Okano, a Sanyo 
spokesman. 

We met in a Sanyo office in Tokyo to 
give the system a try. Although the 
demonstration unit sat on a table, of- 
fice background noise rivaled driving 
conditions. Okano put the machine 
through its paces and then we pro- 
grammed my voice. While Okano used 
Japanese, I tried English. It worked, 
mostly. Switching to the tuner and 
various preset stations or tuning up 
and down all went smoothly, but for 
both of us, it took several tries for the 
circuits to recognize the “tape” com- 
mand correctly. 

Sanyo claims a 90 percent recogni- 
tion rate even in heavy traffic. Okano 
says that younger people have better 


A voice-control mobile audio system from Sanyo includes a seven-band 
spectrum analyzer, CD changer, cassette deck, and AM-FM tuner. The CD 
changer in Sanyo's EX-W2 system handles six discs. 


speech recognition success, although 
he can’t explain why. 

The system has some limitations. 
Only one user’s voice can be pro- 
grammed. And although the tape 
player will eject tapes on voice com- 
mand, it can’t insert them, much less 
search through the glove compart- 
ment for the right cassette. 

The Excedio series went on sale in 
Japan late last year. Sanyo’s Chats- 
worth, Calif., office plans to introduce 
the system in the United States to- 
ward the end of this year. The U.S. 
model, EX-W2, will be priced at 
$1,300 and includes a compact disc 
machine and the tuner/cassette-tape 
player.—Dennis Normile 


Image matcher 


Scientists at Sandia National Labora- 
tories in Albuquerque, N.M., have de- 
veloped a relatively compact, low-pow- 
er device that recognizes images many 
times faster than traditional computer- 
based machines. The system has poten- 


tial applications as diverse 
as missile target recognition 
and mail sorting. 

The device, called an 
acousto-optic image correla- 
tor, uses light, rather than 
direct digital information, 
to compare an image from a 
video camera with hun- 
dreds of stored templates. 
The three-phase system 
consists of a tiny projector, a 
narrow crystalline window 
whose transparency varies 
with the sound waves fed 
into it, and a charged cou- 
pled device (CCD) to mea- 
sure the amount of light 
passing through the win- 
dow from the projector. 

The templates—say, an 
image of tanks—are stored 
in digital format and then 
converted to light using a 
row of light-emitting diodes 
(LEDs). The LEDs project a 
line of the template image 
on the crystal window. At 
the same time, the camera’s 
output—picked up from the 
actual tank—is converted 
into sound waves that, in 
turn, change the trans- 
parency of the crystal along 
a single scan line. The light 
emitted from the LEDs and the rela- 
tive opaqueness or transparency of 
the crystal, timed to coincide on a line- 
by-line basis, are the two factors that 
determine light output through the 
crystal. When the amount of light 
passing through that crystal is great- 
est, a line of the template is assumed 
to match a line of the image, and the 
correlator then searches for the next 
target line. 

Standard digital image-recognition 
systems are much slower because they 
compare individual picture elements, 
or pixels. A single line may be made 
up of thousands of pixels. “Digitally, 
such systems operate serially,” says 
Perry Molley, the correlator project 
leader at Sandia. “We operate in par- 
allel using the optical processor.” 

The speed of optical image process- 
ing can be matched only by high-ca- 
pacity digital computers, which re- 
quire much more power. “The faster 
you try to push digital technology, the 
larger the power consumption,” says 
Molley. The image correlator uses less 
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Electronics Newsfront 


Postage-stamp-size CCD chips in Sony's pro- 
fessional Hyper HAD TV cameras indude an 
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face area. Other chip elements consist of pos- 
itively and negatively doped silicon regions 
(P+, N+), other well areas for charges, alu- 
minum interconnections, and a negatively 
doped substrate. 
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than one- 
tenth the ener- 

gy of a comparable 
digital device. Also, a su- 
percomputer system fills a room. The 
correlator fits on a desk top. 

Small size and low power needs are 
critical if such a system is to be used 
for missile targeting. According to 
Molley, other possible applications in- 
clude scanning letters for proper 
postage and giving sight to robots. 
—Vernon M. Church 


Low-stress keyboard 


An Arizona company is developing a 
new computer keyboard that it claims 
will increase productivity and accuracy 
while reducing the repetitive stresses 
on tendons and muscles associated 
with typing. Industrial Innovations in 
Scottsdale is currently testing Data- 
Hand, a keyboard that detaches into 
two movable parts—one for each hand. 

With DataHand, the palm of each 
hand sits on a ventilated palm rest 
while all five fingers sit in “key wells,” 
sockets around the edge of the unit. 
Each key well contains five keys, acti- 
vated by moving the finger either for- 
ward, backward, left, right, or straight 
down within the well. 

“You have a much better pattern for 
the brain to learn,” says Tom Duffel, 
administrative manager for Industrial 
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Innovations. “So when you make 

a mistake, you know it, whereas 

on a flat keyboard sometimes you 
can have one hand up or down a 
row, and you might not realize that 
you're making errors." 

The thumbs—reserved for hitting 
the shift and space-bar keys on a stan- 
dard keyboard—handle more functions 
with DataHand, such as back spacing 
and capital-letter lock. And mouse 
functions have been incorporated un- 
der each palm, so the fingers don't need 
to be removed from the key wells. 

But perhaps the primary selling 
point of DataHand is that it reduces 
strain. The two units can be placed in a 
position most comfortable for the typist. 

According to Duffel, DataHand will 
appear on the market in November, 
first for personal computers and 
eventually for customized setups. 
Each unit will cost about $1,200. 
—David Peterkofsky 
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CCD microlenses 


In another instance of trickle-down 
technology, Sony Corp. is gradually 
transferring an unusual imaging 
method from its expensive studio TV 
cameras into less-costly professional 
cameras and camcorders. The technol- 
ogy, dubbed Hyper HAD (for Hole Ac- 
cumulated Diode), may soon appear in 
consumer camcorders and cameras, 
making them more light sensitive. 

Many TV cameras now have solid- 
state charge-coupled devices (CCDs) 
instead of bulky and fragile tubes. A. 
CCD has an array of light-sensitive 
diodes that transform images into 
electronic signals. High-end cameras 
usually have three CCDs to create 
separate signals for red, green, and 
blue image elements, while consumer 
cameras have one chip covered with 
color filters. 

CCD imaging chips are mass-pro- 
duced with the same techniques used 
to manufacture millions of other inte- 
grated circuits. 

Because a large area of each CCD 
is used for interconnection wiring 
and charge storage, much of the light 
focused on its surface is wasted. On- 
ly about 35 percent of the area for 
each pixel is light sensitive, accord- 
ing to Sony. 

What distinguishes Sony’s Hyper 
HAD imagers from its earlier HAD 
designs is the array of microscopic 
lenses above each pixel. These tiny 
lenses—hundreds of thousands of 
them—collect light that would ordi- 
narily fall on nonsensitive areas, 
concentrating it on the imaging 
diodes. The result, Sony claims, is in- 
creased sensitivity equivalent to one 
full f-stop. The 
technique al- 
so avoids 


DataHand key- 
boards allow wrists to remain 
straight and comfortable while typing. 


problems such as image lag and in- 
creased signal noise produced by other 
sensitivity-enhancement technologies, 
says the company. 


*VHS videocassette machines slated 
for introduction next year will display 
wide-screen (16:9 aspect-ratio) images 
and standard 4:3 aspect-ratio pic- 
tures. JVC and Thomson Consumer 
Electronics are jointly developing the 
hardware. Although Thomson sells 
wide-screen receivers in Europe that 
display the 16:9 format [^ENF," April], 
it is awaiting program sources before 
offering the sets in the United States. 

*Arcade-quality color graphics for 
home TV screens are possible with 
Neo-Geo video games, says maker SNK 
Home Entertainment in Torrance, 
Calif. Two microprocessors, an 8-bit 
Z80A and 16-bit 68000, are combined 
to provide 4,096 simultaneous colors, 
380 sprites (small computer-graphics 
objects), 15 sound channels, and the 
ability to handle game cartridges with 
up to 330 megabytes of memory. 

* Optical signals used to analyze semi- 
conductor -crystals as they're growing 
can make the finished product 10 times 
more structurally precise, says Bellcore 
in Red Bank, N.J. A computer analyzes 
light reflected from crystal surfaces as 
they grow. The information regulates 
the flow of material in growth chambers. 

*A l-inch-high 3.5-inch hard-disk 
drive from Matsushita Electric Indus- 
trial Co. in Osaka, Japan, stores a 
whopping 210 megabytes of data. The 
company combines extremely flat alu- 
minum magnetic disks with special 
sliders on the magnetic-head arm that 
exert a downward force. The tech- 
nique enables the heads to “fly” just 
0.1-micron above the disk surface. 

*Researchers at Lawrence Berkeley 
Laboratory have created Findlt, a com- 
puter program that helps locate compo- 
nent failures in systems with millions of 
parts. FindIt uses existing data bases 
and other computer resources set up for 
a complex system. It looks for tiny but 
significant data fluctuations to trace 
failures to a defective component. 

*Etching fine holes in silicon to 
make it porous alters this ordinary mi- 
crochip material so that it can be used 
in a remarkable new way—as a light 
source. Researchers at AT&T's Bell 
Laboratories in Murray Hill, N.J., con- 
firming a British discovery, beamed 
green laser light onto etched silicon, 
which emitted red light. Refinements 
could lead to silicon replacing costlier 
materials, such as gallium arsenide, 


SOLO: it's all you ever hoped for in a 
radar detector. State-of-the-art performance 
is now combined with cordless, battery- 
powered convenience (a single alkaline 
battery provides up to 80 hours of full- 
powered protection). And SOLO is incred- 
ibly easy to use — just turn it on and take 
off. Nothing could be simpler. 


SOLO's features include: 
* Cordless, battery-powered convenience 
* Long range detection 
* Pulse and instant-on radar protection 
* Anti-falsing circuitry 
* Dark mode for discreet use 
* Small enough to fit in a shirt pocket 
* Sleek, contemporary styling 


We believe so strongly that you'll be 
satisfied with SOLO's performance that 


Simply, 
The Best. 


ESCORT. 


ONLY SOLD DIRECT FROM OUR FACTORY TO YOU 


SOLO” by ESCORT: 
The Cordless Radar Solution 


each purchase comes with a 30-day money 
back guarantee. Use SOLO where perfor- 
mance counts the most — in your car on 
the roads you travel every day. If you're not 
absolutely delighted with SOLO, send it 
back within 30 days for a refund. 


Invest in the best. Call today for the 
ultimate in radar protection. 


1-800-433-3487 
for Sales & Information 
(1-800-543-1608 for Customer Service) 
Major credit cards accepted 


SOLO $349 . н 
Ohio residents add 5.5% sales tax. 
Prices higher in Canada, 


ESCORT 
> Department 301681 


One Microwave Plaza 
Cincinnati, Ohio 45249 
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~The Doran Three Wheel Electric Vehicle. 
Build your own Electric Vehicle now with inexpensive, reliable components, 
‘Tops 80 mph and travels up to 60 miles on a 5 hour-110v charge, costing only 
3107 cents per mile. Ideal for quiet, pollution free commuting. Complete 
plans and manual cover both the electric and Subaru powered high-mileage 
version with 96 pages of photos, illustrations and precise construction details. 
Also includes background information to assist you in building your own 
design, or for converting any car to electric. 

Fully Detailed Plans: 93995 


(plus $5. postage & handling) 


~Your Source for Electric Components. 
Electric motors, controllers, gauges and more. We stock everything you need 
to build your own electric vehicle. Package includes color brochure on our 

vehicle and plans. 


" 00 
Catalog Package: $5 


~Electric Vehicle VHS Video. 

‘New, 120 minute professionally produced video about electric vehicles, 

Includes: history, current vehicles and developments interviews with 

‘suppliers and specialists battery technology and more. $2495 
(plus $5. postage & handling) 


= [Order by Mail or Call (800) 388-8770] 


in optoelectronic circuits. 
P | for Credit Can orders - (Pans and Video only) or call (702) 352-5909. Foreign 


1728 Bluehaven Dr. Dept PS Sparks NV 89431 USA | ondes other than Can orMex-$10 eh for Airmail. Allow 24 weeks for delivery. | 
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Electronics Newsfront 


*An experimental pay-per-view ser- 
vice starting this fall in Denver will en- 
able 450 cable subscribers to choose 
movies from a central library of 1,000 
films. Dial-up-movie signals will be sent 
over optical fibers and cable into view- 
er’s homes. Cable TV and telephone 
companies, often at odds over who will 
provide entertainment this way, are 
now cooperating in this 18-month test. 

*Eastman Kodak Co. has intro- 
duced a professional digital-camera 
system (DCS) after three years of 
tests. The company’s commercial 
imaging group in Rochester, N.Y., is 
aiming the $19,995 DCS at govern- 
ment agencies, photojournalists, and 
industry. A Nikon F3 35mm camera 
body is modified with a 1.3-million- 
pixel sensor chip. A storage unit, car- 
ried in a case, has a 200-megabyte 
hard disk to store pictures, plus a 
small LCD screen to review them. 
Images can be modified—color cor- 
rected, for example—with Adobe Pho- 
toshop software in a Macintosh II 
computer that is not part of the sys- 
tem. The hard disk can store up to 
600 images with a $2,000 data-com- 
pression option, or 158 uncompressed 
pictures. 


Sharper ultrasound images 


Enhanced ultrasound technology is 
giving physicians detailed views into 
the human body without the risks or 
high costs of other jmaging tech- 


niques, such as X-rays or magnetic 
resonance imaging. Advanced Tech- 
nology Laboratories (ATL), a division 
of Westmark International, in Bothell, 
Wash., has developed a digital high- 
definition imaging system to improve 
the clarity and information contained 
in ultrasound images. 

Ultrasound has been available 
since the 1970s. The equipment con- 
verts high-frequency sound waves, 
transmitted from a scan head and re- 
flected back from human body tissues 
and organs, into pictures on a display 
tube. Fetal monitoring is one of the 
most popular applications; doctors al- 
so use ultrasound imaging extensive- 
ly to reveal breast lumps or to help 


Soft and hard plaque in 
a carotid artery be- 
comes visualized with 
new 


high-definition 
ultrasound equipment. 
Images are computer- 
enhanced with color. 


determine if neck and leg arteries are 
clogged. 

When sound waves reflect from 
body tissues, some echoes arrive back 
at the scan head earlier than others. 
As a result, the earlier signals must 
be stored momentarily, then com- 
bined with later signals in order to 
form a complete image. One limita- 
tion of conventional ultrasound equip- 
ment is that the analog delay lines 
used to store signals have a limited 
bandwidth, or signal carrying capaci- 
ty. This restricts the amount of image 
detail. 

ATL says its equipment is the first 
to use digital processing and delay in- 
stead of analog circuitry. “We replaced 
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Transparent metallic coatings on DataStop win- 
dows admit light but block radio signals. 


COATED WINDOWS FOIL COMPUTER SPIES 


Eavesdropping on computers by tuning in 
the stray signals emitted by circuits that 
sweep electron beams back and forth 
across video screens is relatively easy, al- 
though most people are surprised to learn it 
is possible [“Bugging,” Aug. '87]. These 
sweep circuits generate signals that can be 
detected miles from the source. In addition, 
microchip circuits within computers radiate 
radio signals that can reveal information. 
Conventional room windows are a securi- 
ty risk because they're transparent to these 
stray data signals as well as to light. Terror- 
ists or industrial spies can intercept confi- 
dential data leaking through windows with 


, Simple equipment. One traditional antidote 


for espionage involves housing important 
computer workstations and their operators 
inside a Faraday Cage, a metal-enclosed 
windowless cubicle. Cages are effective, 
but understandably claustrophobic for 
those working in them. 

Enter British company Pilkington Glass, 
which has developed a coated window 
glass that blocks the electromagnetic radia- 
tion (EMR) emitted by both microcircuits 
and picture-tube displays. The company's 
Datastop windows achieve shielding similar 


to a metal-enclosed cage, allowing comput- 
er equipment to be installed in normal, win- 
dowed offices and laboratories. 

A metallic film deposited on the glass by 
an electrochemical process provides signal 
attenuation up to 55 decibels. The coating 
has a tinted appearance that reduces light 
transmission by half. In addition, the mate- 
rial has thermal insulation properties to 
minimize solar heating and glare. 

For external use in a building, the win- 
dows are made in a double-glazed format. 
The coated outer faces of the two glass 
panes are sealed against the aluminum 
frame by conducting gaskets around the 
entire base. Frames are then grounded to 
metal screening integrated with the room 
walls—an essential part of any total securi- 
ty installation. 

Internal partitions or partitions for viewing 
panels use laminated glass in a similar 
metal frame, wired to the enclosure's 
Shielding. Datastop also prevents stray 
EMR, such as that from radar, from enter- 
ing the building and interfering with sensi- 
tive circuits—or zapping humans. 

Pilkington Glass Ltd, Prescot Rd. Helens 
WA10 3TT, England.—David Scott 
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the analog delay line with a digital 
time-delay chip,” explains Gene Lar- 
son, executive vice president at the 
company. 

The digital time-delay chip, which 
does the job of four circuit boards, ac- 
cepts all the tissue signatures at once. 
There is no bandwidth limitation be- 
cause all the return signals are first 
digitized, then delayed by storage in 
memory. “Doctors can now have infor- 
mation that has never been included 
before in an ultrasound image,” says 
Larson. Those images will also be 
clearer and sharper, making it easier 
for doctors to analyze problems—with 
greater accuracy. "It's exceptional on 
the liver," says Larson. Ultrasound is 
not effective, however, on the brain, 
because the skull blocks the sound 
waves. 

The digital technique can be an op- 
tion on new equipment or an upgrade 
to existing machines. The hardware is 
currently being used to view liver and 
abdominal organs, among other appli- 
cations. In the future, the company 
hopes to use the technique to visualize 
the heart, providing more detailed dis- 
plays than with current sonic-imaging 
Systems. The cost of the digital ma- 
chine is about $225,000, similar to 
other high-end ultrasound machines. 
—Marcelle M. Soviero 


SK File 


Time manager 
for PCs 


You've just typed sever- 
al paragraphs with a 
word-processing pro- 
gram or entered a long 
column of numbers in a 
spreadsheet. Suddenly 
the screen goes blank 
and your computer be- 
gins to beep. 

Alarming? That's 
the idea: An instant 
later, a brief message 
you typed days or 
weeks earlier pops up 
on the screen to re- 
mind you of an ap- 
pointment. The alarm 
sequence is one of 
many useful features 
included in Sidekick 2.0, an updated 
version of a time-manager program 
from Borland International, Inc. in 
Scotts Valley, Calif. 

Sidekick, for IBM PCs and compati- 
bles, resides in random-access memo- 
ry (RAM) at the same time as other 
software. But the full program is a 
memory hog, requiring more than 500 
kilobytes of RAM for items such as a 
spelling checker and thesaurus. A bet- 
ter plan is to install Sidekick, using a 
configuration option, so that as little 
as 33 kilobytes is required and most 
functions are called from a hard-disk 
drive as needed. 

You can instantly switch to Sidekick 
from another program by pressing the 
CTRL and ALT keys. One of the op- 
tions, a time-planning screen, is split 
into three windows that display a two- 
month calendar, plus appointment and 
things-to-do lists. The last feature tact- 
fully reminds you of uncompleted items 
with a new symbol before each line. 

In addition to a mini-word processor 
for notes or letters, Borland's new 
time-manager tool includes an ad- 
dress and telephone-number database 
that can dial calls through a modem. 
The $99 program also works in office 
network systems, giving access to lists 
and files to anyone who knows the 
passwords assigned to the informa- 
tion. 

Sidekick can either coexist peaceful- 
ly with other software or it can cause 
problems. If it runs alongside the Xy- 
Write word-processing program, for 
example, it responds to the XyWrite 
control-delete command for erasing 
text by calling up Sidekick's line-eras- 
ing sequence from the hard disk, and 
very slowly. Keys can be reconfigured 
with instructions provided to help re- 
solve these command conflicts, and 
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Options in Sidekick 2.0’s window format include basic, business, sci- 
entific, and programmer's calculator functions. 


Borland’s technical department offers 
support. They may not be able to cure 
all incompatibility problems, however. 

Sidekick 2.0 can stay partially 
RAM-resident with only 33 kilobytes 
of RAM, but requires 512 kilobytes of 
RAM and three megabytes of free 
hard disk space during the installa- 
tion steps, when files are merged. 
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Window Help 


SURGEON GENERAL'S WARNING: Cigarette 
Smoke Contains Carbon Monoxide. 


The Search For Taste Is Over 


GREAT FINDS 


Home Remodeling Kit 
НОМЕ i este ЧАА Item #062813 $34.95 


Whether you are designing your 
own home, an addition or a 
remodeling project, this 1/4" 
scale kit allows you to see your 
plans in 3D before you build. 
The kit includes siding, roofing, 
brick, stone, decking, windows, 
doors, skylights, interior walls, 
stairs, kitchen cabinets, 

appliances, landscaping materials 
and to-scale people. It comes 

with a design manual and model 
building instructions, reusable 
floor plan grid and furniture and 
bath symbols. Using the kit can 
improve your design, help make 
your ideas clear to the architect 
and save time and money. 


Rainbow Light 
Item #063813 — $59.95 
This 4" black cube projects 
a realistic, arched rainbow 
as high as 30' onto a wall 
or ceiling. It can project 
the rainbow more than 60! 
and can be plugged into 
any household electrical 
Pee This is a great help 
etting kids to sleep abd 
is fa un at parties or just to 
rales with after a long day. 


The Griffo Grill Picnic Cooler 
Item #063701 $29.95 Item #061203BK $85.95 
Unique new Griffo-Grill® rack This high-tech picnic cooler is 4 


measures 16" x 12" and 
allows you to grill delicate 
fish and seafood without 
anything falling into the 
coals. Made of heavy 
steel with durable 
lain enamel. The 
Weather Station ор edge 
Item #063214 $64.95 makes it easy to turn 
This beautiful hand-rubbed solid fillets. Fits gas or and corkscrew. Ле 
American black walnut weather сауа gals A а. и уаш 
ation has a dual scale thermometer 
and barometer. The plaque of the — Jenn-Air® und SE heavy duty 
space shuttle quered solid brass. $ nyon $ 
carrying 
strap. 


lightweight and unbreakable. 
Keeps food cold for hours. 
Size: 10 3/4" x 7 1/2" x 14 
1/4", Weight: 6 1/2 Ibs, It 
comes complete with 
service for four, 
including cups, plates, 
spoons, steak 


Item #063214 $69.95 
This original and unique creation continuously changes form while 
indicating accurate time in line with the bottom pointer. The moving 
sculpture/timepiece composes a perfect pyramid every three hours. 
New Microsoft Flight Simulator Aircraft & Scenery Designer 
Item #063810 $39.95 
This software enhances Microsoft Flight Simulator version 4.0 or 
| later (Also available from us, Item # 063811 for $59.95.) 

$ Choose from an expanded fleet of aircraft including the state-of- 

ОНА = 939:95 heart Boeing 747-400 as well аз an enhanced aircraft design 
Guard Item # 063809 : ә” 

facility. Create and modify roads, rivers, bridges, mountains, 
dnd motion in a 15'xs' Duildings, navigation beacons, runways and more. For IBM® 
protected space. Acts as a greeting PC's and Compatibles with 640K RAM memory with one 5 1/4 
device for customers, tracks childrens’ Or 3 1/2" disk drive. MS-DOS® or PC-DOS operating system 
ins and outs and is an auto torch light version 2.0 or higher, CGA, EGA (with 256K video memory), 
for climbing out of bed in the dark. PS/2® graphics system, УСА or Hercules® graphics card adapter. 


To Order Call 1-800-447-7868 
Write to TMM by Mail, Dept 06081R, 280 Summer St., Boston, MA 02210 
[We accept MasterCard and Visa or send a check or money order. Please include $4.00 per item. for shipping and handling Residents of CA, 


CT, IL, MA, MI, and NY must include the applicable sales tax. Please allow 2 to 4 weeks for delivery. If you just can't wait, we will ship your 
order Federal Express® two to three. business day delivery for an additional $8.00. Customer satisfaction is guaranteed... 


security sensor detects 


Home Newsfront 
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Cardboard construction 


Strong, lightweight, honeycomb- 
shaped grids, often made of paper and 
bonded between thin, rigid skins of 
various materials, have been used for 
many years in the building of air- 
planes, hydroplane boats, truck bod- 
ies, commercial buildings, and homes. 
The panels are just now becoming an 
attractive alternative to stick-built 
home construction, in an effort spear- 
headed by Bellcomb Technologies of 
Minneapolis. 

Unlike stick-built homes, a Bellcomb 
honeycomb-panel home needs no fram- 
ing (see illustration). Instead, it is as- 
sembled from up to 10 types of factory- 
cut components, requiring only one 
kind of simple joint. People unskilled in 
home building can assemble the homes 
using only a screw gun and a glue gun. 

The system requires less wood than 
conventional construction. While an 
average 2,000-square-foot stick-built 
home needs the equivalent of 20 cords 
of wood, the same-size home built with 
Bellcomb's parts uses just seven cords, 
none of it as dimensional lumber. In- 
Stead, kraft paper, impregnated with 
phenolic resin and bent into a honey- 
comb shape, is glued between sheets of 
oriented strand board, gypsum board, 
plywood, or other material. In addition 
to saving timber, engineered lumber 
such as strand board—made from com- 
pressed glued pieces of wood— provides 
superb dimensional stability, flat- 
ness, and tight-fitting assem- 
blies [*Reinventing Wood," 
May '90]. 

A standard honeycomb- 
panel wall is many times 
stronger than that of a stud- 
frame building wall, claims 
Bellcomb. The sandwich gets this 
strength in much the same way as an 
I-shaped beam does. The facings act 
like a beam’s flanges, taking the load; 
the honeycomb is similar to the beam’s 
web, preventing the flanges from 
shearing against each other. Bellcomb’s 
standard plywood-faced, six-inch-thick 
honeycomb floor panel supports up to 
40 pounds per square foot of live load 
and can span 16 feet unsupported. 

The sturdy homes are also energy ef- 
ficient. “For four years, we have been 
monitoring three identical-size homes 
built side by side in a suburban Min- 
neapolis community, all using the same 
fuel,” explains Robert Leslie, Bell- 


comb’s technical director. “Two are con- 
ventionally built with fully insulated 
stud walls. We built the third one with 
our honeycomb components with no 
added insulation. Fuel costs for our 
honeycomb home consistently run 
about sixty percent of either of the 
others.” 

Because the honeycomb is 97 per- 
cent air, it technically has a low insula- 
tive value. However, Leslie says the 
trapped air in the one-inch hex-shaped 
sealed cells created by the bends in the 
paper resists the ready flow of heat or 
cold. If required by a building inspec- 
tor, however, Bellcomb fills the empty 
honeycomb cells with foam beads, 
ground cellulose, or perlite. 


ROBERT PEARL PHOTOGRAPHY 


Building a pre-designed Bellcomb 
home costs 15 to 20 percent less than 
an equivalent stud-wall-frame home; 
the price of a custom-designed honey- 
comb home might equal or slightly ex- 
ceed a conventional one. Bellcomb, 70 
N. 22nd Ave., Minneapolis, Minn. 
55411. Another maker of honeycomb 
components for home construction is 
Tricel Corp. (3841 Swanson Ct., 
Gurnee, Ill. 60031).—Phil McCafferty 


Fire-halting barrier 


When it was introduced in the 1980s, 
fire-retardant-treated (FRT) plywood 
was hailed for its safety and cost ad- 
vantages over other noncombustible 
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materials (“Lumber That Won't Burn,” 
March '85]. It was installed in some 
one million townhouses, apartments, 
and condominium developments east 
of the Mississippi. (It was never ap- 
proved for use in the West.) 

However, FRT plywood used as roof 
sheathing was found to decay after ex- 
posure to high heat and humidity 
[“НМЕ,” Jan. '90]. The Chicago-based 
Building Officials and Code Adminis- 
trators International estimates it will 
cost more than $2 billion to replace 
damaged structures. Now, two prod- 
ucts that block fire by releasing chemi- 
cally bound water have received code 
approval for use in many areas. 

The flaw in FRT plywood was that 
the fire retardant weakened the wood’s 
cellulose fibers. So, instead of impreg- 
nating wood with a chemical, Weyer- 
haeuser Co.’s Architectural Products 
Group has bonded a fiberglass-based 
sheet to plywood to make Blazeguard. 
The coating, manufactured by Barrier 
Technology of Vancouver, British 
Columbia, is immersed in a special 
slurry, then air-dried, rolled, and 
cured. The resulting fire shield’s crys- 
talline structure contains chemically 
bound water molecules. At 480 degrees 
F, the crystals release water as steam, 
cooling a wall. If the temperature 
reaches 1,200 degrees, other cells re- 
lease more water. 

Georgia-Pacific Corp.’s FlameBreak 
works a little differently. Gypsum that 
is treated with silicone to protect its in- 
tegrity against moisture is laminated 
with fiberglass. That sandwich is then 
bound to plywood or oriented strand 
board. Beginning at 125 degrees F, wa- 
ter that is naturally found in the gyp- 
sum is released. 

Blazeguard and FlameBreak have 
been approved by one of the three re- 
quired regional model building code or- 
ganizations, the Southern Building 
Code Congress International (covering 
Florida, Georgia, North Carolina, 
South Carolina, Virginia, Tennessee, 
Alabama, Mississippi, Louisiana, and 
Texas). Both products must be ap- 
proved by the other organizations to be 
used without restrictions in their juris- 
dictions. Georgia-Pacific Corp., 2861 
Miller Rd., Decatur, Ga. 30035; Weyer- 
haeuser Fire Protective Products Divi- 
sion, CH1B25, Tacoma, Wash. 98477. 


Quieting the icebox 


A refrigerator recently introduced in 
Japan may be good news for light 
sleepers: It runs without that annoy- 
ing hum. A noise-canceling system 
cuts the fridge sound to one-fourth the 
level of typical models, claims Toshiba. 


TRIMMING GARDEN-TOOL EMISSIONS 


hedge trimmers, lawn mow- 
ers, and leaf blowers may be headed the 
way of the dinosaurs. Because the ma- 
chines spew a surprising amount of pollu- 
tants, Califomia has passed regulations that 
will sharply limit their emissions. In Novem- 
ber, the EPA will announce if it will follow 
‘suit with a nationwide set of standards. 

“When you say that lawn and garden 
tools cause pollution, everybody's жазаны 
go ир,” remarks Bill Sessa, press secretary 
for California's Air Resources Board (ARB), 
which is responsible for air quality regula- 
tions. "But individually, some of them cause 
fifty times the pollution per horsepower of 
car engines." For example, most hand-held 
equipment has two-stroke engines, which 
run on a lubricating oil-and-gasoline mixture 
and a high air-to-fuel ratio—a design Sessa 
calls “notoriously inefficient.” 

The ARB regulations affect all "utility" en- 
gines (defined as gas and diesel engines 
with less than 26 hp) and include items like 
mowers, snow blowers, trimmers, and chain 
saws, and commercial products such as 
generators and compressors. There are sep- 
arate standards for lightweight two-stroke 
engines and larger four-stroke engines, and 
both are included in the two phases of the 
regulations. The first phase, which takes ef- 
fect in 1994, requires new products to cut 
smog-creating hydrocarbons and carbon 
monoxide emissions by 46 percent; the 1999 
standards will slash these emissions by 55 
percent (see illustration). 

Cleaner-running engines also mean new 
technology and product development—and 
higher prices. “It's going to be difficult and 
expensive to meet the 1994 regulations,” 
agrees Donald Purcell, president of the 
Portable Power Equipment Manufacturer's 
Association in Bethesda, Md. “I won't be 
surprised if prices in California for these 
consumer products double in 1994." (The 
ARB calculates that, on average, prices will 
jump $30 per product.) Manufacturers may 
pass along some of these costs to con- 
sumers, he adds. Moreover, the 1999 regu- 
lations may exceed the limits of technology, 
wams Purcell. If, for example, manufactur- 
ers add a type of catalytic converter to chain 
saws, the engine will have to run twice as 
hot as federal and state fire-prevention laws 
permit, he says. “There’s no company in 
this industry,” he adds, “that has the tech- 
nology to meet the 1999 requirements.” 

Counters Sessa: “The ARB adopted the 
standards knowing they are feasible.” The 
board's report outlines several tactics, in- 
cluding making improved carburetor sys- 
tems for leaner air-to-fuel mixtures and 
adding catalytic converters, which, it notes, 
could be used with heat shields or a cool- 
air source to help reduce high surface tem- 
peratures. Manufacturers also may turn to 
overhead-valve engines, a design that 
heats cylinder walls more evenly, allowing 
for more complete fuel combustion. The 
ARB based these recommendations on da- 
ta from an independent testing organization 
and some manufacturers. 


CAROL DROZDYK 


The codes also may drive manufacturers 
to produce equipment that runs on other 
power sources. “The use of electric-powered 
products may well increase,” says Purcell, 
“but they need a nearby electrical outlet, and 
they're not as powerful." As for solar power, 
he says, “we'll have to wait and see how 
quickly any products can be developed." 

Meanwhile, the EPA is evaluating the 
need for national regulations for all “non- 
road" engines—including everything from 
lawn mowers to snowmobiles to small air- 
craft—as part of the 1990 Clean Air Act. If it 
Chooses to do so, the agency will draw up. 
these standards before November 1992. 

Will regulations make for cleaner air? 
“These engines are a tiny percentage of 
the overall emissions problem," Sessa ad- 
mits, “but everything is part of the prob- 
lem."—Judith Anne Yeaple 
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Toshiba officials say that anechoic 
chamber measurements put the noise 
made by the new refrigerator at 20 
decibels. The company claims that at 
this level the refrigerator's sound is in- 
distinguishable from the background 
noises of a typical suburban residence. 

Noise cancellation only works if the 
sound wave and the cancellation wave 
issue from the same point. To ensure 
this, Toshiba houses the compressor in 
an equipment chamber that is sealed 
except for a single opening for airflow. 
The chamber is lined with material 
which, Toshiba claims, effectively ab- 
sorbs most high-frequency sounds. 

Low-frequency sound is countered 
by active control technology. A vibra- 
tion pickup on the compressor detects 
sound vibrations. That data is fed to a 
controller, which analyzes the signals 
and generates sound-stopping anti- 
noise played through a speaker within 
the chamber. 

One problem Toshiba engineers 
faced was calculating the time it took 
for signals to be processed in order to 
generate the antinoise sound waves. 
They figured that their device had less 
than one millisecond—the time it 
takes for sound to get from the com- 


VIBRATION 
PICKUP 


pressor to the mouth of the equipment 
chamber—to detect the sound wave, 
generate its opposite wave, and broad- 
cast it from the speaker. Toshiba says 
advances in digital circuitry enabled 


the development team to get the sys- 
tem response down to 0.2 milliseconds. 

As a backup, the system includes a 
microphone pickup near the chamber 
opening. This checks the effectiveness 
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Home Newsfront 


This year, one of the American Institute of Architects' annual Honor 
Awards—the profession's highest recognition for design excel- 
lence—went to a seemingly unlikely choice: a group of affordable 
cottages built in Charleston, S.C., to house the homeless. "We 
didn't want people to have to pay for ugly affordable houses," says 
Christopher A. Rose, an architect with Charleston-based Chris 
Schmitt & Associates, of his design. 

Patterned after 19th-century freedmen's cottages, the 352- 
square-foot houses cost $12,000 apiece. They were constructed 
with donations from local community organizations and volunteer 
labor. The were made with panels of strand board and 
foam from Insul-Kor of Hilliard, Fla., which can be lifted and set in 
place by two to four people. "You put them up like a gingerbread 
house," observes Rose. 

The modular interior plan of the houses allows the units to be 
built stacked on top of each other or side by side (see illustration). 
"The porches were designed to give people a sense of community," 
says Rose. "We also wanted residents to have street numbers and 
mailboxes so they could regain dignity. The vaulted ceilings give an 
illusion of space and provide room for a sleeping or storage loft." To $ 
save money, "The houses don't have air conditioning," he contin- 
ues. "And we use electric heat because Charleston's winters aren't 
that cold." 

"An important urban model that can be replicated in almost any com- & 
muni fie housing project daburde the туй that а uneconomical to H 


of the noise cancellation. The con- 
troller uses input from the mike to re- 
vise the antinoise sound wave as need- 
ed.—Dennis Normile 


New dirt on laundry 


Deep in that pile of laundry you meant 
to wash last week, oil molecules from 
your skin are reacting with each other, 
bonding to some fabrics and dyeing 
them yellow. 

Researchers at Cornell University 
applied high-tech chemical tools to the 
wash, including neutron bombard- 
ment, radiotracer analysis, and thin- 
layer chromatography, to learn what 
happens to three components of se- 
bum—a complex mixture of oils secret- 
ed by the skin—as they age in unlaun- 
dered clothing. Oxygen reactions, at 
first, make the oils more polar and 
thus more easily dissolvable in soap or 
detergent. 

Subsequent reactions, however, link 
the oils more tightly with clothing 
fibers, making them virtually impossi- 
ble to remove even with multiple wash- 
ings. Squalene, one of the oils studied, 
gradually forms long chains that bond 
with fibers, turning them yellow in the 
process. Neither detergents nor heavy- 
duty chemical solvents can fully dis- 
solve these chains and remove them 
from a fabric like cotton. 

"We're not really telling people any- 
thing revolutionary" says Kay Oben- 


build single-family homes," noted the AIA jury. So far, 14 cottages have = 
been built; a project of about 200 houses around Charleston County 
is on the drawing board. Chris Schmitt & Associates, 113 Wappoo 
Creek Dr., Suite 6, Charleston, S.C. 29403-2136.—M. D. 


dorf, who heads Cornell's textile and 
apparel department. Launder early, 
launder often, and follow the detergent 
manufacturer's directions, she says. 

Polyester lovers, take heart: Fibers 
of this man-made material don't react 
as much with oils and oil polymers, 
and may not yellow as much as cot- 
ton.—P. J. Skerrett 


Calvin's cooler 


If Calvin MacCracken and Brian Sil- 
vetti have their way, an icy wind may 
soon be cooling some houses. Mac- 
Cracken, president of Calmac Manu- 
facturing Corp. of Englewood, N.J., and 
Silvetti, Calmac’s director of research, 
recently patented a room air condition- 
er that blows air over ice for cooling. 
The new idea applies thermal-stor- 
age technology commonly found in 
commercial-size air conditioners [^A 
Heat Pump to Bank On,” Jan.). Over a 
16-hour period, a compressor, such as 
those found in other air conditioners, 
works to freeze water in a sealed plas- 
tic container. Then, a fan blows air over 
the ice to create cooling for up to eight 
hours. “Because the compressor isn’t 
running, it’s quieter during the day 
than other units,” says MacCracken. 
“And you get off-peak electricity rates 
because you make the ice at night.” 
Because the water-freezing process 
is slow, the machine’s heat output 
doesn’t add much to room temperature 
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and the device doesn't have to be vent- 
ed outside. Named Cooolman, the new 
device is to begin selling this summer. 
MacCracken says it will be more costly 
than a conventional room air condi- 
tioner, but that the price should drop 
as production volume rises. 


Sealed-combustion equipment 


Each year, more than 200 people in 
this country die from poisonous com- 
bustion gases, such as carbon monox- 
ide, that have leaked from heating and 
water-heating equipment in their 
homes, according to the U.S. Con- 
sumer Products Safety Commission. 
Many times that number may suffer 
related injury or health problems. Ef- 
forts to make house “envelopes,” or 
shells, tighter for fuel efficiency have 
exacerbated the problem. At the same 
time, new requirements for higher effi- 
ciency furnaces are helping to solve it. 
In a relatively tight house, outside 
air leaks in slowly. When indoor air is 
forced out of such a house—via a kitch- 
en range hood, bathroom fan, whole- 
house ventilator, or fireplace—nega- 
tive pressure can be created inside. If 
the house has a standard- or water- 
heating system that depends on hot 
flue gases rising naturally up the 
chimney (called a “naturally aspirat- 
ed” appliance), the gases can potential- 
ly be pulled into the house by this neg- 
ative pressure. (Furnace efficiency has 


increased over the past 15 years, and 
flue-gas temperatures have dropped; 
flue gases from newer equipment are 
less likely to vent up the chimney. 
High-efficiency systems, in fact, can- 
not rely on natural draft to get rid of 
these gases.) The resulting back draft- 
ing, or spillage, can be deadly because 
carbon monoxide is one of the gases 
produced. 

While it's difficult to determine 
how extensive back drafting is, re- 
cent Canadian research has yielded 
some alarming findings. In 1986, 
combustion-gas spillage was moni- 
tored for two to three months in near- 
ly 1,000 Canadian homes. Of the 606 
gas-heated houses studied, 10 per- 
cent had "prolonged and unusual 
amounts of combustion-gas spillage," 
according to a report by the Canada 
Mortgage and Housing Corp. Another 
65 percent experienced minor, less 
dangerous amounts of spillage. The 
217 oil-heated houses studied had a 
greater incidence of spillage than the 
gas-heated homes, with some 55 per- 
cent experiencing "significant" 
amounts, and only 15 percent having 
no problems. 

Fortunately, it isn't difficult to pre- 
vent back drafting. When replacing a 
heating or water-heating system or 
choosing one for a new home, simply se- 
lect a sealed-combustion or power-vent- 
ed model. Sealed combustion appli- 
ances, the best solution, pull outside air 
directly into the combustion chamber, 
and vent combustion gases directly to 
the outside. Power-vented appliances 
(also called “direct vent” or “induced 
draft”) may use house air for combus- 
tion, but they exhaust the flue gases 
with a fan. If you aren't ready to replace 
your boiler or furnace, you might install 
a new power burner—which has the 
added advantage of cutting heating 
bills by 10 to 20 percent. 

When appliance-efficiency standards 
for new furnaces take effect in January 
1992, naturally aspirated gas furnaces 
will be effectively forced from the mar- 
ket. The new standard requires 78 per- 
cent AFUE (Annual Fuel Utilization 
Efficiency). Manufacturers will have 
difficulty achieving that efficiency level 
without induced draft.—Alex Wilson 


*A sand barrier installed under the 
foundation is as effective as chemical 
applications in stopping the voracious 
formosan termite, say entomologists at 
the University of Florida in Gaines- 
ville. The sand particles are too large 
for these "super termites" to move with 
their mandibles, yet they are small 


enough to prevent the pests from pass- 
ing through. Formosan termites now 
live in Florida, Alabama, Louisiana, 
Mississippi, North and South Caroli- 
na, Tennessee, and Texas. 

*If homeowners replace old oil, elec- 
tric, or natural-gas heating systems 
with new, efficient natural-gas sys- 
tems, they can reduce heating-related 
carbon dioxide emissions up to 75 per- 
cent, says a study by the American 
Gas Association of Arlington, Va. Car- 
bon dioxide is considered a primary 


greenhouse gas; some scientists think 
an increased greenhouse effect may 
cause climate shifts and rising coastal 
water levels [“Global Warming," Aug., 
Sept., and Oct. '89]. 

*Highland American Corp. of East 
Providence, R.I., has begun full produc- 
tion of Gypsonite gypsum fiberboard. 
The wall board, which has cellulose 
fibers mixed throughout, is stronger 
and easier to use than conventional 
drywall [“Drywall Innovations," July 
'89; “Best of What's New,” Dec. '89]. ms 
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A scientist's accidental 
discovery of a giant car- 
bon molecule could 
launch an array of new 
compounds with possi- 
ble uses in batteries, 
fuels, computer chips, 
space propulsion, high- 
pressure research—even 


cancer therapy. 


By 
EDWARD 
EDELSON 


revolution in chemistry is taking place in a 
small room in a converted mining building 
in Tucson, Ariz., where a woman wearing a 
soiled smock and a face mask is painstak- 
ingly scraping soot off a metal container. 
Although it’s not too exciting to look at, 
this is the world’s first production facility 
for a newly discovered, exotic material, 
dubbed “buckyball,” that has such extraordinary potential 
that chemists and physicists around the country are lining 
up to pay $1,200 a gram for the stuff, roughly one hundred 
times the price of gold. 

“This is the biggest news in chemistry I could have imag- 
ined,” exclaims Robert Whetten of the University of Califor- 
nia at Los Angeles. 

The reason? Together with the plain-Jane carbon parti- 
cles that make up most of the soot is a carbon molecule with 
a unique structure, totally different from that of the two 
previously known forms of carbon. 

The discovery of a new kind of carbon came as a stunning 
surprise to most scientists. Carbon is the most intensely 
studied of all the elements because it is the basis for most of 
the molecules of life—the organic molecules. Look in any 
chemistry textbook and you'll read that for centuries re- 
search showed carbon came in just two basic structures: 
hard, sparkling diamond, whose carbon atoms are arranged 
in little pyramids; and dull, soft, slippery graphite, which 
consists of sheets of carbon-atom hexagons. 

Those chemistry textbooks are now obsolete. There’s a 
new basic form of carbon with an almost unbelievable 
structure: Its 60 carbon atoms form something that looks 
like a hollow soccer ball. It is the only molecule of a single 
element to form a spherical cage. 

The molecule’s official name is buckminsterfullerene, be- 
cause it is shaped like the geodesic dome invented by that 
American original, Buckminster Fuller. Informally, 
chemists call it buckyball, or C-60. Its atoms are arrayed in 
a collection of regular pentagons and hexagons—12 pen- 
tagons and 20 hexagons to be precise. It’s one of a newly 
discovered family of similar molecules that has a related ge- 
ometry, but different multiples of carbon atoms. Scientists 
have called this whole family the fullerenes; scores of 
chemists and physicists are working full blast to unravel 
their properties. 

It’s not just the intellectual kick of a major advance that 
is energizing the scientific community as much as the dis- 
covery of high-temperature superconductors did a few 
years ago. It’s the prospect that buckyball’s properties will 
make possible a cornucopia of valuable applications. 

“To a chemist it's like Christmas,” exults Richard Smalley 


UCKYBALL 


THE : MAGIC MOLECULE 
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of Rice University in Houston, one of 
the key players in the buckyball game. 
To explain, he harkens back to the dis- 
covery of benzene in 1825. The ben- 
zene molecule is a relatively simple 
six-carbon ring, yet it's the parent of 
countless compounds, from aspirin to 
nasal decongestants to paints, dyes, 
and plastics—all made by working 


The soccer-ball 
geometry of the C-60 
molecule was 
deciphered by Rice 
University professor 
Richard Smalley. 


It is now clear to researchers that 
the C-60 molecule is exceptionally sta- 
ble and resistant to radioactivity and 
chemical corrosion. It also greedily ac- 
cepts electrons, but is not reluctant to 
release them. These and other at- 
tributes have scientists and engineers 
already speculating about microscopic 
ball bearings, new cancer treatments, 


with that six-carbon ring. Now chem- 


lightweight batteries, powerful rocket 


ists hope to perform the same magic 
with this family of new carbon molecules that is at least 10 
times bigger than benzene, with, therefore, even greater 
possibilities. 

“This isn’t 1825,” Smalley says. “It’s like discovering ben- 
zene, only now you have all the techniques and the scientif- 
ic instruments of the 1990s available.” 


fuels, and the infinite possibilities in 
plastics and other organic compounds that have carbon 
atoms as their backbones. 

One proposal for anti-tumor therapy in cancer patients is 
to enclose radioactive atoms inside buckyballs. The carbon 
barrier would help maintain the integrity of the radioiso- 
topes after injection. Smalley has already replaced some 
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[GRAPHITE — 


Graphite, the most common form of 
carbon, has molecules that form flat 
sheets of atoms arranged in a hexag- 
onal pattern. Because the sheets can 
Slide over one another, graphite is 
soft and slippery, almost greasy, mak- 
ing it an excellent lubricant. Its black 
color, combined with its spreadability, 
also makes graphite a natural for 
“lead” pencils. Graphite is resistant to 
heat and is a good conductor of elec- 
tricity. Graphite fibers have very high 


tensile strength, so they are used in 


Pure diamonds are sparkling, color- 
less, and extremely hard crystals. A 
single diamond is actually one giant 
molecule consisting of nothing but 
carbon atoms. Each atom is bonded 
to four others that form the corners 
of the pyramidal structure called a 
regular tetrahedron. This very rigid 
structure gives diamond its remark- 
able hardness; the nature and 
strength of its chemical bonds make 
it the hardest substance known. 
Diamond anvils are used in high- 


THE THREE KNOWN FORMS OF CARBON 


Buckminsterfullerene, unknown un- 
til recently, has a molecule with 60 
carbon atoms that are arranged in 
regular pentagons and hexagons to 
form a hollow cage. This form of 
carbon is named in recognition of 
the late Buckminster Fuller's 
geodesic dome, which has a similar 
Structure. This unique structure 
gives buckyball a whole range of 
properties that are different from ei- 
ther diamond or graphite, such as 
superconductivity and the ability to 


golf clubs to reduce breakage. | pressure research. 


ILLUSTRATIONS BY STEVE STANKIEWICZ 


trap other chemicals. 


carbon atoms in the ball with other elements to create 
semiconducting “dopeyballs.” Doping silicon with foreign 
atoms is what turns silicon into the semiconductors found 
in transistors. 

Another idea Smalley talks about is creating a superpow- 
erful battery by wrapping lithium and fluorine atoms, 
which create energy when they combine, inside a buckyball 
cage to protect them from being attacked by oxygen in the 
air. Other researchers imagine batteries that can be made 
by stripping away some electrons from the new molecule. 

Scientists speculate about stringing buckyballs together 
to form the basis of new types of plastics. They dream of al- 
tering the molecule in a million ways by hanging different 
atoms or chemical groups from the 60 carbons. “It’s the 
starting material for making a whole new family of organic 
compounds,” says organic chemist Fred Wudl of the 
University of California at Santa Barbara. 


bizarre as its structure. It’s a story of an inspired guess 

that seemed to lead to a dead end, of creative midnight 
hours, of years of methodical hard work that finally led to 
the unexpected breakthrough. It’s a story that stretches 
across two continents over more than five years of applied 
effort. 

Go back to 1984 to Rice University, where a team headed 
by Smalley was investigating the properties of atomic clus- 
ters, groups of atoms larger than molecules but smaller 
than visible solids. The Smalley team was using an unusu- 
al device they had invented, called the laser-supersonic 
cluster beam apparatus. It’s a steel vacuum chamber that 
holds a hollowed-out steel block. A sample placed inside the 
block is zapped by a very intense, short pulse of laser ener- 
gy that vaporizes it. At the moment of zapping, a whiff of 
inert helium gas carries the vaporized material toward an- 
other laser, which ionizes the clusters by stripping away 


Т: story behind the discovery of the buckyball is as 
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electrons. The clusters are then pushed into an analytical 
instrument called a mass spectrometer, which gives a read- 
ing of their size. Smalley was using the machine on a vari- 
ety of elements, including silicon. 

At that time, Harry Kroto of the University of Sussex in 
England was visiting Rice and suggested that carbon be 
added to the list of elements Smalley's team had been zap- 
ping. Kroto was interested in this because he was working 
on the possible origins of long-chain carbon molecules in in- 
terstellar space; he had found evidence of a nine-carbon 
molecule in the dust between stars. He theorized that car- 
bon molecules might be forged in the atmospheric furnaces 
of red giant stars that are rich in carbon. (When a star has 
burned about 10 percent of its hydrogen fuel, it swells to a 
much greater size and becomes redder and much brighter. 
When our sun becomes a red star in a few billion years, it 
will gobble up Mercury and Venus.) Kroto thought that 
Smalley's apparatus, which generated temperatures of tens 
of thousands of degrees—hotter than the surface of a red gi- 
ant—was a way to replicate that furnace in the laboratory. 

Smalleys bunch got around to investigating carbon a 
year later, a delay due partly to the work a team at the 
Exxon Research and Engineering Corp. was already doing 
on carbon using a Rice-built machine; Smalley wanted to 
avoid overlap. 

When Smalley's group, joined by Kroto, zapped carbon, 
the results were astonishing. They had expected a similarly 
random, and uninteresting, assortment of carbon clusters 
like that found by the Exxon people. Most of those con- 
tained from 2 to 30 carbon atoms, with some much larger 
clusters of even-numbered atoms. There were also in- 
creased amounts at 10-carbon intervals: 50-, 60-, 70-carbon 
clusters. 

But there was something strange about the 60-carbon 
cluster that drew their attention. Much more of it appeared 
in their samples than could be explained by random forma- 


tion—three times more than any other even-numbered 
cluster. Intrigued by that finding, Jim Heath, one of 
Smalley's graduate students, worked over a weekend to de- 
velop a way to increase the yield of C-60 clusters; he found 
that he could tinker with the experiment so that the 
amount of C-60 yielded was 40 times as great as any other 
even-numbered cluster. 


s the Rice chemists kicked these results around, they 

asked two questions: Why even-numbered clusters 

and why so much carbon-60? One explanation was 
that they were making carbon “sandwiches,” flat sheets of 
material that contained large numbers of atoms, made up 
of graphitelike hexagonal groups. But, Smalley recalls, 
such a flat molecule would have unattached dangling chem- 
ical bonds at its ends with no apparent way to tie them up. 
Besides, why should such an open-ended cluster have ex- 
actly 60 carbon atoms, no more and no less? 

One of the Rice group members—no one remembers 
who—suggested that the carbon-60 cluster wasn’t actually 
a cluster, but a molecule, and a molecule in the shape of a 
hollow ball. Maybe those flat sheets they talked about actu- 
ally curled around to form a sphere and would turn out 
looking something like a geodesic dome. That would take 
care of the dangling-bond problem. Smalley had seen a pho- 
to of one of Buckminster Fuller’s geodesic domes, with its 
hexagonal units, and thought the geometry worth trying. 

Heath spent that evening with his wife trying to assem- 
ble a C-60 molecule out of gum drops and toothpicks, a 
sticky and eventually unedifying enterprise. 

Meanwhile, Smalley sat down at his computer and tried 
to generate a model structure for a 60-atom ball of carbon. 
After hours of work, he got nowhere. Frustrated, he began 
cutting regular hexagons out of legal paper, one inch on a 
side, and tried to make a sphere out of them. No dice. As 
he reached for an after-midnight beer, he remembered 
Kroto saying that he had once built a geodesic dome for 
his children, and that it might have contained regular 
pentagons as well as hexagons. So Smalley cut out a pen- 
tagon and began arranging hexagons around it, adding 
more pentagons and hexagons, taping the flimsy paper 
shapes together as he worked, and finally, halfway 
through, saw he had something. 

“My heart leaped,” Smalley recalls. “Unless I had count- 
ed wrong, the structure could close to form a sphere with 
the magic number of vertices: sixty.” 

In fact, the paper model formed a ball; it even bounced 
when dropped on the floor. It had 20 hexagons and 12 pen- 
tagons. Each of the 60 vertices, or corners, representing one 
carbon atom, was identical to the others; each occurred at 
the joining point of one pentagon and two hexagons. 

The shape seemed so elegant that Smalley knew it had to 
be well known to geometricians. He called the head of Rice’s 
mathematics department, William Veech, and described 
what he had built. Eventually Veech responded: “I could ex- 
plain this to you in a number of ways,” he said, “but what 
you've got there, boys, is a soccer ball." 

The structure is technically called a truncated icosahe- 
dron, one of an infinite number of spheroidal cages that can 
be formed with hexagons and pentagons. Buckminster 
Fuller realized that many of these structures are endowed 
with unusual rigidity for their mass because of their geome- 
try. Thus, the strong, light-weight geodesic dome was born. 

The day after their epochal discovery, the Rice chemists 
thought of names like “soccerene” and “ballene” for the C-60 
molecule, but finally decided on “buckminsterfullerene.” 
Today, it is also known as buckyball. The other even-num- 
bered geodesic-dome-shaped carbon clusters are collectively 
known as “fullerenes.” Smalley and his colleagues an- 
nounced the discovery of C-60, the theory of its structure, 


A FULLERENE FAMILY PORTRAIT 


А C-60 molecule has a spherical shape; С-70 looks more like a rugby ball. 


The first visual evidence for the existence of the fullerenes came 
from a team of scientists at IBM's Almaden Research Center in 
San Jose, Calif., adept at using a special instrument that can im- 
age minute features. Called the scanning tunneling microscope, it 
works by dragging a tungsten or diamond tip, just one atom in 
width, across a surface and detecting the current that is generated 
when electrons “tunnel” between the tip and the surface [“Seeing 
Atoms,” April '89]. 

Robert J. Wilson and colleague Donald Bethune, scientists at 
the IBM research center, first deposited a thin layer of sooty mate- 
rial they believed contained fullerenes on a nonreactive gold sur- 
face, then cooled the rapidly spinning molecules with liquid nitro- 
gen to slow them down enough so that they could be imaged. The 
resulting photo (bottom) gives the first direct evidence of the pro- 
posed shapes of C-60—spherical, like a soccer ball—and C- 
70—like an oblong rugby ball (drawings, top). The elongated, taller 
C-70 structures appear lighter because they jut higher than the 
gold surface. The image area is about 0.6 millionths of an inch on 
a side; the C-60 molecules are spaced about 44 billionths of an 
inch apart and are arranged in a hexagonal pattern typical of 
spheres that are packed tightly together. The fullerenes seen here 
are magnified about 12 million times. 

Only the overall shapes of the C-60 and C-70 molecules can be 
seen, not the internal arrangement of their carbon atoms. Proof of 
buckyball's geodesic structure had to wait until other scientists found a 
way to “freeze” the molecule (see The Buckyball Lives).—Arthur Fisher 


А scanning tunneling microscope image reveals the shapes of C-60 and С-70. 
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and the structure of other fullerenes in a scientific paper 
published in 1985. 

Many scientists were intrigued by the idea; some were 
disturbed by it. Disagreement came from the Exxon group, 
who stuck to the idea that the carbon clusters were most 
likely composed of uninteresting, cross-linked strands of 
atoms. Whetten of the University of California, then a grad- 
uate student working at Exxon, remembers talking about 
Smalley's discovery with Roald Hoffmann, his teacher at 
Cornell University, who had won the Nobel Prize in chem- 
istry for his work on carbon. *He said there was nothing un- 
usual about repeats of 10-carbon atoms," Whetten recalls. 
"So at Exxon, we stopped." 


fter announcing their exciting discovery, the Rice peo- 

ple were in a bind. They had only fractions of a mil- 

ligram of C-60, not enough to confirm its existence. 
How could they convince the doubters and substantiate 
their theory of C-60's structure? Obviously, they had to pro- 
duce a whole lot of buckminsterfullerene, enough of the 
Stuff so it could be thoroughly analyzed. Smalley assigned 
the job to Heath. Smalley called it “the search for the yellow 
vial" because theory indicated that the 
C-60 molecule would be yellowish. It 
seemed a simple job, but it turned into 
a nightmare—a “no-joy experiment," 
he remembers. 

The Rice researchers collected the 
black stuff that was coming out of the 
nozzle of the cluster beam apparatus. 
For two years, Heath mixed the mate- 
rial with benzene, hoping the solvent 
would concentrate appreciable amounts 
of C-60. The effort was a bust. 

"After two years of looking at a clear 
benzene solution, with no evidence of 
fullerenes, our conclusion was that 
perhaps someone else would isolate a 
bit of this someday," Smalley said. ^We 
rather expected that some chemist in 
a Third World country would get a 
milligram of this out of cow dung or something like that." 

Instead, the answer came from Tucson and Heidelberg, 
Germany, in a way that demonstrates the sometimes inex- 
plicable nature of scientific breakthroughs. The two men 
who found the way to make buckyballs by the bucketful 
were studying something else entirely. 

Donald Huffman of the University of Arizona and 
Wolfgang Krütschmer of the Max Planck Institute for 
Nuclear Physics were working with carbon clusters, but 
with a totally different perspective and with different goals 
from Smalley. 

Huffman and Kratschmer were studying how all kinds of 
small particles absorbed light: biological particles, soot par- 
ticles, any very small particle. They had been studying car- 
bon for many years because astronomers think that the 
minute carbon particles floating between the stars absorb 
starlight in interesting ways that could help them under- 
stand the universe. 

After trying a number of methods, Huffman and 
Krátschmer had developed an ingeniously simple device for 
making lots of small carbon particles. Their machine con- 
sisted of two graphite rods connected to a high electric-cur- 
rent circuit surrounded by a helium atmosphere. A hacksaw 
blade acted as a spring to push the rods together. Where 
they touched, carbon vaporized, forming lots of carbon clus- 
ters—soot to you. 

It's a dirty business, working with soot, but this time it 
paid off. The reward came from methodical work that mea- 
sured how carbon clusters absorb visible light. 


56 • POPULAR SCIENCE AUGUST 1991 


“Тез the starting 
material for mak- 


ing a whole new 


family of organic 


“We were the first to measure directly the optical absorp- 
tion spectrum of very small carbon particles," Huffman 
said. “And when we did, we saw this feature." 

The feature was a peak indicating that light at the wave- 
length of 2,200 angstroms was being absorbed by the car- 
bon—almost, but not quite, like the peak astronomers were 
seeing in interstellar dust. 

Huffman and Krátschmer didn't understand the finding. 
*So we went back to the lab and started making more car- 
bon clusters," Huffman says. “It was then that we started 
seeing new and funny things in this peak. In fact, we saw 
three little wiggles in it"Krátschmer immediately called it 
the kamel sample (for the German word for camel). 

That was in March of 1983, and Kratschmer and 
Huffman began arguing about what it might be: “Maybe it’s 
a new form of carbon. That's ridiculous. Maybe it's some sort 
of cluster of carbon atoms. Maybe it’s just junk. Mostly we 
thought it was some kind of junk,” Huffman says. 

When Huffman read the 1985 Kroto-Smalley paper that 
discussed a new 60-carbon molecule, a light flashed on. This 
strange new stuff could explain all the funny things he and 
Kratschmer had been seeing. Quickly, the focus of their re- 
search on carbon changed radically. 
Huffman and Kratschmer weren't at 
all convinced they had made buckmin- 
sterfullerene, but they began to point 
their work toward that direction. To be 
on the safe side, in 1987 Huffman put 
in a patent disclosure memo through 
his university for “a proposed way of 
making macroscopic amounts of C-60.” 

When the patent attorney called 
back, in February 1988, Huffman 
found he could no longer make sam- 
ples with the camel feature. To in- 
crease the yield of C-60, his graduate 
student, Lowell Lamb, began tinker- 
ing with the experiment, changing 
combinations of conditions, mostly the 
helium pressure. The result was large 
amounts of C-60—milligrams of it, 
more than anyone else had ever made. 

They couldn't yet take a picture to prove they had carbon- 
60, but they could work on the basis of its predicted proper- 
ties. Organic chemists had become interested enough in 
Smalley's proposal to figure out how buckminsterfullerene 
would absorb infrared light. They conjectured that most of 
the infrared light would go right through the carbon 
molecule, except for four wavelengths that would be ab- 
sorbed. Plotted on a graph, the absorption spectrum was a 
mostly smooth curve, with only four strong peaks. When 
Huffman and Krütschmer beamed infrared energy through 
their sample, they saw the predicted four peaks. Bingo! 

Well, almost. Vacuum pump oil, used to lubricate their ex- 
perimental apparatus, has two peaks of its own—almost 
dead on the ones predicted for buckyball. Krátschmer per- 
formed an experiment that eliminated the possibility that 
two of the peaks had come from the oil. He made buckyballs 
out of carbon-13, which is slightly heavier than the domi- 
nant isotope, carbon-12. The heavier atom is predicted to 
shift the infrared peaks by a predictable amount; it won't 
shift any peaks attributable to contamination. The pre- 
dicted shift appeared. Buckyball lived. 

For a meeting, Huffman and Kratschmer wrote up a 
small paper modestly titled, “The Possibility of Carbon-60 
in Laboratory-produced Interstellar Dust Analogues.” It 
was published in a fairly obscure journal in September 
1989. By early 1990, Kratschmer and Huffman had rela- 
tively pure samples, not only of C-60, but of another 
fullerene, C-70. Now at last they could reveal to the scientif- 


ic world what they had been doing. 

They did it in full-fledged style in 
the journal Nature, in September 
1990. Painstakingly, Huffman and 
Krütschmer described their method for 
making buckminsterfullerenes and 
showed photos of the actual crystals. 

Word that something big was hap- 
pening had already leaked out. The re- 
al surprise was that buckyballs were 
so easy to make. But they were still 
not being made in large enough quan- 
tities to enable scientists to pin down 
their structure. That task fell to others 
among the by-now droves of investiga- 
tors who were playing buckyball. 

"We always regarded its shape as 
the most likely and it was so attractive 
that everybody talked about it as 
though it was proven," says Whetten, 
who by then had his own lab at UCLA. 
When Whetten and a colleague, 
Francois Dederich, read the Nature 
paper, they shifted gears and began 
working on the Huffman-Krátschmer 
method. 

Something similar was going on 
with Don Bethune at the IBM 
Almaden Research Center in San Jose, 
Calif. Inspired by the Kroto-Smalley 
paper, he had begun work on carbon 
clusters using a machine developed by 
another IBM scientist, Heinrich 
Hunziker, to study contamination of 
disk-drive heads. That machine used 
laser pulses to lift organic molecules 
off a clean surface and put them into 
an analytical instrument called a spec- 
trometer to study their masses. 

But Bethune was having the same 
sort of trouble as Smalley: He couldn't 


In the spring of 
1991, chemists were able 
for the first time to take a pic- 
ture of the buckyball molecule 
that shows exactly how the 60 carbon 
atoms are arranged. The result was to remove 
all doubt that the molecule's geometry was in- 
deed that of a hollow soccer ball, an elegant 
Structure of hexagons and pentagons closely 
resembling one of Buckminster Fuller's 
geodesic domes. That geometry had been 
originally proposed six years earlier. “This 

molecule is just as marvelous as we 

thought," exults Joel Hawkins, who led the 

team of research chemists who made the 

image at the University of California at 

Berkeley. 

Delineating the actual positions of carbon 
atoms inside the molecule was possible only 
by latching onto it long enough to stop its 
whirligig spin—a billion times a second. The 
Berkeley chemists were able to do this by attach- 
ing an osmium-based chemical handle —the "rabbit 
ears" in the picture—to the C-60 molecule. They were 
then able to make this computer-generated X-ray image of 
the resulting crystal structure. 

In the picture, carbon atoms are purple; oxygen, red; nitrogen, green; and osmium, yellow. 
The large, raspberry-shaped ball is the C-60 molecule. The yellow osmium atom is attached 
lo it by two red oxygen atoms, and two structures called pyridine ligands, which look like rab- 
bit ears, are attached to the osmium by the green nitrogen atoms.—Arthur Fisher 
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get enough of the carbon-60 clusters to do a useful experi- 
ment. So he cast about for another method. 

One evening, Bethune and a colleague were talking 
about his problem with someone who was using a Smalley 
apparatus at Lawrence Livermore Laboratory in Califor- 
nia. Maybe, Bethune suggested, if you held some small ob- 
ject in front of the laser and tried pulsed beams, that might 
work. The response was, "That can't really be done. You 
might as well just light a match and put some soot on a 
metal plate. That's as stupid as what you're asking me to do 
here." 


glances of recognition, and looked around for some- 

thing to burn. The first thing they tried was methanol, 
wood alcohol, which burns with a nice, clean soot-free 
flame. Then they tried a piece of paper. No soot again. Then 
Bethune spotted a polyethylene lid from an empty can of 
peanuts. That gave him the soot he wanted. The mass spec- 
trometer showed the desired peaks in the region of the 60- 
carbon atom. 

Bethune and his colleagues cleaned up the experiment, 
burning pure carbon, and saw a major peak of carbon-60 
clusters. Just about that time, they saw the Huffman- 
Krütschmer paper and knew what they had. 

They then began an intensive set of studies on their car- 
bon-60 samples: nuclear magnetic resonance, Raman spec- 
troscopy, infrared spectroscopy. They cooled the samples to 
liquid nitrogen temperatures to slow down the buckyballs, 


T: IBM scientists hung up the phone, exchanged 


which spin madly at room temperature, and made scan- 
ning tunneling microscope pictures showing the overall 
shapes of both C-60 and C-70 molecules, but not the ar- 
rangements of their atoms (see A Fullerene Family 
Portrait). The IBM group quickly published a paper con- 
firming the Huffman-Krätschmer finding. 

The world’s first buckyball production facility came on 
line early in 1991 at the Materials and Electrochemical 
Research Corp. in Tucson, assigned the patent to produce 
research-quantity amounts. The process is hardly elabo- 
rate. The heart of the operation is a metal chamber the size 
of an ordinary bucket. The current that runs through the 
graphite electrodes inside the chamber is provided by a 
Sears Craftsman arc welder. After the graphite vaporizes 
(in what looks like diesel exhaust), the soot is dissolved in 
toluene, and the solution is spun down to get relatively 
pure fullerenes. Sounds simple, but the extraction process 
is tricky, Huffman says. 

“At the moment, the problem is that they can’t keep up 
with the demand,” he adds. "They're making more than a 
gram a day, but it's time-consuming." Down the hall, 
though, is the equipment for a tenfold scale-up, with big- 
ger plans on the horizon. “If there's a really big demand,” 
Huffman adds, “C-60 ultimately could be produced for 
pennies a gram. I really think that ten or twenty years 
down the road there will be large factories producing this 
material." 

The absolute, complete confirmation of the soccer-ball geom- 

[Continued on page 87] 
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For anyone who is tired 
of hunched-over cycling 
and erratic gear shift- 
ing, inventor Royce 2 7 
Husted combines ы [/ 
new brake and Radial \ 
Gear transmission in a 


rider-friendly bicycle. 


By STUART F. BROWN 


BARRY ROSS, 
р id 
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icycle shops today are full of machines with 
dropped handlebars inspired by road racers 
and fat-tired city bikes that have evolved from 
off-road cycles built for trail riding. But what if 
ordinary non-racing, non-dirt-riding people 
could design their own bicycles for recreation or 
transportation? How closely would they resem- 
ble the technology that's available? 

Illinois inventor Royce Husted set out to find the answer 
some 12 years ago when his wife complained about the de- 
railleur system on her bike. The result was an inspired re- 
thinking of the system that people had come to take for 
granted over the years. We reported on Husted's Radial Gear 
transmission six years ago [“One-thumb, 15-speed Shift,” 
July '85]. Still, every few months another letter arrives ask- 
ing whatever became of that promising shifting device. 
Instead of it being considered by various big bike manufac- 
turers as inventor Husted initially hoped, he had to take it 
from proving ground to assembly line himself. 

Husted never intended to become a bicycle manufacturer. 
The holder of more than 60 patents covering a range of inno- 
vations including a hybrid plastic-and-metal camshaft for 
car engines [^Automotive Newsfront,” April '89], he original- 
ly wanted only to license the Radial Gear patents and return 
to full-time inventing. But his mounting frustration over 
several years of inconclusive negotiations with bicycle manu- 
facturers was what finally led him to establish the Yankee 
nameplate. 

Selling a new idea to large-volume producers can be 
tough, observes Pat Murphy, executive director of the 
Chicago Area Bicycle Dealers Association, a trade organiza- 
tion representing retailers in the Midwestern states. “Big 
outfits can always buy a low-cost derailleur in the Orient.” 

Once it became clear that the only bike that would feature 
his new transmission would be one he designed himself, 
Husted began by building an experimental bike with lock- 
able pivot points that allow its frame-tube angles to be var- 
ied. Then he let dozens of his neighbors in Addison, Ill., take 
rides, as he continually fine-tuned the seat, handlebars, and 
varied the frame geometry until the riders were happy. The 
test rig, he says, “was a messy-looking thing, but it was per- 
fect for learning what's comfortable for the average person." 
It turns out the features that volunteer cyclists admired 
most were maneuverability, a riding posture even more up- 
right than a city bike’s, ease of climbing on and off, and 
maintenance simplicity. 

Once issues of comfort were addressed, Husted moved on 
to improve what riders have problems with most—gear 
shifting (which he had already licked with his new Radial 
Gear) and brakes. The Yankee features the superbly effec- 
tive nine-speed shifter, which eliminates surprise neutrals. 
It's the closest thing yet to shifting gears without fears. 

All the rider does is press a lever on the handlebars and 
rotate the pedals forward for higher gears, backward for 
lower gears; downshifts can even be made at a stand- 
still. An expandable and contractible six-segmented 
front sprocket mechanism accomplishes the ratio 
changes quickly and positively, while a spring ten- 

sioner at the single-sprocket rear wheel keeps the 

chain taut. The use of engineering plastics and a 

greatly reduced number of parts in the system 

subtracts at least a pound from the bike's weight, 
compared with a standard derailleur setup. 
The second breakthrough on the Yankee bicy- 
cle, the Rim Band Brake, is a device so capable 
that it could someday replace the ubiquitous 
caliper brake. Not only does the band-type design 
deliver powerful braking force with an easy pull at 
the lever, braking performance increases by approxi- 
mately 25 percent when the brake is wet. 


3 


The Yankee bicyde's admirably simple Rim Band Brake adjusts itself. 


The brake's main components are a U-shaped channel on 
one side of the specially extruded aluminum rear-wheel rim 
and a stainless-steel cable jacketed with Kevlar aramid fiber. 
When the brake lever on the handlebar is pulled, the cable 
tightens in the channel, its woven-Kevlar covering creating 
friction against the wheel. A self-energizing effect generated 
by the rotating wheel further tightens the band, giving the 
brake low-effort, progressive stopping performance reminis- 
cent of a hydraulic-disc motorcycle brake. A return spring 
slackens the cable when the brake lever is released, letting it 
ride loosely in the rim channel. 

In contrast to caliper brakes, which can be outright can- 
tankerous, the Rim Band design requires no adjustments. 
Husted says that thousands of miles of brake testing have 
shown insignificant wear of the Kevlar band and aluminum 
rim. He predicts that few cables will ever need replacement. 
The inspiration for the Rim Band stemmed from his knowl- 
edge of industrial machinery, where band brakes are com- 
monly used. “I looked at the bike wheel, which essentially 
provides a big hoop around which to wrap the band, and at 
the frame, which acts as a fixing point for the cable. It's a fa- 
miliar idea that's adapted to the bicycle," he says. 

A single Rim Band Brake at the rear wheel meets 
Consumer Product Safety Commission standards for stop- 
ping performance and weighs half as much as a typical 
caliper brake—two of which are required on today's bikes. 

In order to confirm the remarkable wet-braking claims of 
the Yankee, this rider repeatedly doused the Rim Band 
hardware with water and jammed on the brake at various 
speeds. Exactly as promised, the already powerful brake 
became even more so. А welcome feeling—but how on earth 
does it work? Even engineers at Du Pont, the Kevlar manu- 
facturer, aren't quite sure. 

"Nobody's come up with a definitive answer, mechanisti- 
cally speaking," says David Hoiness, research associate in 
Du Pont's Advanced Materials Systems in Bloomington, Del. 
“Something happens when Kevlar gets wet, causing its coef- 
ficient of friction to increase. Because water is a lubricant, 

[Continued on page 89] 
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From bare bones to mini-limousines, today's small cars offer 
variety, handling, and a wide price range. We test four new 
subcompacts and find plenty to like, but plenty left to improve. 


NO FRILL 


By JIM McCRAW 
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he basic economy car is 
an endangered species, 
like the plain white re- 
frigerator that simply 
keeps your food cold. In 
today's inflated economy, 
it's no surprise that the 
least expensive models 
from the four major auto manufac- 
turers quickly slide over the five-fig- 
ure mark into sticker-price territory 
that could have purchased a well- 
equipped intermediate-size car only 
a few years ago. 

But the standard-equipment list 
for these economy cars has likewise 
been upgraded and for that kind of 
money it is possible to acquire virtu- 


ally all the basic modern technical el- 
ements—including air-bag restraint 
systems, antilock brakes, air condi- 
tioning, and multivalve engine tech- 
nology—in a so-called basic car. In 
fact, a true bare-bones subcompact 
does not exist anymore. Instead, 
most car companies are attempting 
to define a new technical level for ba- 
sic transportation—still minimalist, 
but arguably more than is needed to 
just get by. 

Four cars recently introduced by 
Chrysler, Isuzu, Nissan, and Toyota 
illustrate how interior room, power, 
standard equipment, and pricing dif- 
fer drastically with each company’s 
base model. The test quartet includes 


PHOTOS BY KEN HANNA/ILLUSTRATION BY JACK GRAHAM 
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the Plymouth Sundance America; the radically styled 
Isuzu Stylus (the name combines style and us, as in the 
in-crowd); the Nissan Sentra GXE boulevardier; and the 
volume leader, the all new Toyota Tercel. 

The Plymouth Sundance America was originally con- 
ceived by Chrysler as the replacement for the discontin- 
ued, smaller Horizon America. By sharing Chrysler's ba- 
sic platform, 2.2-liter four-cylinder, with a variety of 
other Chrysler products, the Sundance and its cousin, the 
Dodge Shadow, are substantially larger than most other 
cars in their class. 

The Sundance's $7,699 base price includes a driver-side 
air bag; the largest displacement engine in this group, pro- 
ducing 93 horsepower and 122 pound-feet of torque; the 
most road-hugging weight at 2,678 pounds; and a minimal- 
ist approach to interior 
and exterior décor. Oddly 
though, it was the only 
one in the group equipped 
with a sprung hood; no 
cheap prop rod here. Air 
conditioning, AM-FM 
Stereo, tinted glass, and a 
rear-window defroster 
drive the sticker price up 
to approximately $9,000. 
The Sundance's singular 
advantage in this group is 
its size, with the longest 
wheelbase, overall length, 
width, and interior vol- 
ume, at 102 cubic feet, 
though its proportions are 
a little unusual. 

The Plymouth's 2.2- 
liter engine is a single- 
overhead-cam two-valve 
design. It cranks out a 
lot more torque over a 
broader speed range 
than any of the other 
three- and four-valve en- 
gines in this group, pro- 
ducing 122 lb.-ft. of 
torque at 3,200 rpm. 
There's a 2.5-liter engine 
available in other Sun- 
dance models with a 
huge 4.09-inch stroke, 
but it also has a balance 
shaft, separate from the 
crankshaft, to cancel 
shaking forces. The 2.2- 
liter engine, without the 
shaft, is sadly lacking in 
refinement. It shakes 
and shudders and causes 
other parts of the car to 
vibrate whenever it's 
whipped above 4,500 
rpm. However, if you 


> 


В x don't rev it too high, it 
The Plymouth 2.2-liter takes to still has lots of torque. 
ыы although the smaller pas The driving dynamics 


of the Sundance Amer- 
ica are mixed. The en- 
gine is raucous, the 
shifter is vague and 
mushy, and the car is 
geared for marathons, 
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are smoother. Top to bottom: the Toy- 
ota Tercel 1.5 liter, the Nissan Sentra 
1.6 liter, the Plymouth Sundance 2.2 
liter, and the Isuzu Stylus 1.6 liter. 


not sprinting. The steering is light 
too, but the suspension system 
works well overall: In the front, 
the Sundance is equipped with 
MacPherson struts, coil springs, 
and an anti-roll bar; its rear sus- 
pension is comprised of two trail- 
ing arms, a torsion-beam axle, coil 
springs, and an anti-roll bar. With 
a front-to-rear weight distribution 
of about 64:36, the Sundance per- 
forms well on the skid pad, lane 
change, and slalom maneuvers 
without getting light in the tail. 
Functionally, the location of the 
switches and controls were satis- 
factory, but the instrument panel's 
rectilinear, slabby, and vertical de- 
sign is about two generations out 
of vogue. The seats and door pan- 
els are similarly plain and simple. 
However, if your needs dictate 
low-dollar transportation with a 


ACCELERATION 


PLYMOUTH SUNDANCE 


60-0 MPH IN FEET 


DOUBLE-LANE CHANGE 
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TOYOTA TERCEL DX 


NISSAN SENTRA € 


big interior, a big trunk, and a big 
warranty, the Sundance might be 
a саг worth looking into. The high- 
er-priced versions of the Sundance 
are equipped with the 2.5-liter en- 
gine, and an RS model is available 
with a monstrous 152-hp turbo. 


Er 
5 


PLYMOUTH SUNDANCE 
ISUZU STYLUS S 


SLALOM 


PLYMOUTH SUNDANCE L'A] 
he new fourth-generation 
Tercel, Toyota’s lowest priced 
sedan series, has been on the 

U.S. market only a few months. It 
is close to the Sundance America 
in its mission and character, with 
three versions and a handful of op- 
tions. The Tercel’s redesigned body shell is a full aero- 
treatment of a four-seat sedan and is nearly 10 percent 
larger inside than the 1990 model; outside it’s round and 
basic. Somewhat surprisingly, the new Tercel will not be 
available as a hatchback coupe or five door, after three 
generations of successful hatches. 

The Tercel’s highly refined 1.5-liter 12-valve engine 
was originally introduced in California and is now the 
standard engine for all 50 states. It proved to have an 
enormous heart, despite the displacement disadvantage. 
Rated at 82 hp at 5,200 rpm, the engine has additional 
crankshaft counterweighting for better balance and 
smoothness. It's also equipped with a new intake tract 
resonator and new two-hole fuel injectors to cut down on 
under-hood noise. Overall, the Tercel was smooth, but at 
full revs, it introduced a harmonic howl while accelerat- 
ing that put the Tercel at noise levels only slightly shy of 
the Sundance. 

The new Tercel has the same floor pan and suspension 
system as before, but almost every component has been 
tweaked or relocated, including the bushings, suspen- 
sion arm lengths, and attaching points. The rear torsion 
beam with trailing arms and coil springs has been car- 
ried over, but the arms were lengthened and lowered to 
sharpen cornering performance and improve ride. The 
shock units, formerly mounted behind the axle and cant- 
ed inward, are now mounted vertically and on the axle 
center line, which puts them more in line with axle 
movement and reduces friction. The brakes have been 
substantially upgraded with the introduction of ventilat- 
ed, instead of solid, front discs for better heat-handling 
capability and fade resistance; although the Tercel's 


TOYOTA TERCEL DX 


brake booster has been enlarged, pedal pressure is high. 

The body shell and interior are completely redone for 
1991, with a much rounder shape and higher bustle. 
The hooded instrument panel features a tight little in- 
strument pod in a half-circle shell, four marine-style 
air circulation vents, and new ventilation and sound 
system control positions and layouts. The vents move a 
lot of air but look strange set in a wide expanse of light- 
blue plastic. 

The Tercel DX test car is the middle-price model, with a 
base price of $7,898, which quickly escalates to $9,479 
with only air conditioning, an AM-FM stereo cassette sys- 
tem, and the exterior appearance package added in. 

The Tercel is the baby in this piebald group, weighing 
in at a mere 2,100 pounds, with a 93.7-inch wheelbase, 
an overall length of only 161.8 inches, and an interior vol- 
ume of only 84 cubic feet. But it was also the quickest and 
the best balanced, winning the 0-to-30-mph and 0-to-60- 
mph acceleration tests, the skid-pad derby at 0.79 g, the 
double-lane change with a speed of 55.9 mph, and taking 
second-place honors in the slalom. It takes no effort to 
hang the Tercel out to its limits: Its thick-rimmed but 
comfortable steering wheel is lively and light, the engine 
has lots of guts, and it's relatively quiet in its mid-rpm 
range even though it's always working hard. The brakes, 
once they are warmed, are effective indeed, stopping the 
2,100-pound vehicle from 60 mph in only 139 feet twice in 
a row. The car does require a good deal of pedal pressure 
to halt it from highway speeds, but the brakes modulate 
well with.the new booster. 

The Tercel is difficult to fault. The engineers seem to 
have treated this new aero Tercel as a polishing exercise, 
a project in harmony and refinement. The door, body, and 
hood gaps are narrow, and the new asphalt and sandwich 
noise insulation used in the fire wall and front floor is ef- 
fective. This is one well-screwed-together car. 


ion, one of the radical design leaders over the past 
decade, with its show cars and some of its recent pro- 
duction cars and trucks. Its alliances with giant General 
Motors, Lotus, Giorgetto Giugiaro's ItalDesign and its 
Continued on page 86] 


I has been to cars what Isse Miyake is to high fash- 


POPULAR SCIENCE TEST RESULTS 


CUTTING COST—NOT CORNERS 


Because a full list of optional equipment puts any of these cars 
over five figures, the search for the best low-cost small car 
quickly becomes an exercise in deciding what features you can 
do without. 

The Toyota Tercel is a pleasantly modern design with a crisp 
and spunky, albeit sometimes noisy, free-revving power plant. 
Its handling is both quick and stable, unlike many tail-happy 
Toyotas we have tested recently. The downside is that it's also 
somewhat cramped, and the automatic seat belt reminds you of 
"Saturday Night Wrestling" run amuck. 

The Plymouth Sundance's roomy 97-inch wheelbase, superior 
seats, and honest, upright stance provide the most car for the 
money. The standard air bag is the lowest cost offering in the 
business, adding to the Sundance's value as a people carrier. 
But the ride is also unpleasantly rough at times, as if the 
engineers had suspended chassis and engine development too 
Soon. 

The smoothest of the lot is the Nissan Sentra. The test car 
was loaded with equipment, which seems to aggravate a weight 
problem that hurts its performance. Likewise, the Isuzu Stylus 
— тату a comfortable, modernistic car—is uncomfortably soft 
in the curves. 

Overall, for crisp character, the new Tercel is tough to beat. 
—Dan McCosh . 


Isuzu Stylus 5 
Nissan Sentra GXE 
Plymovth Sundance America 
Toyota Tercel DX 
ACCELERATION 
and HANDLING 
030 mph (sec) 34 36 40 41 
040 mph (ас) n3 120 122 123 
3050 mph (sec) 131 159 57 58 
50-70 mph (sec) 154 y 92 77 
Dovble-lone change (mph). | 559 яв 55 51 
Slalom (mph) из DE 464 40 
Rood holding (g) 079 ИШ on 075 
BRAKES 
отац. m 17 151 D] 
139 162 152 152 
MUR NRI 129 D 16 154 
INTERIOR NOISE 
Idle (dBA) 9 я n я 
60 mph (dBA) п " 15 n 
040 mph (dBA) ө n a ө 
ne ян їн 0 твн 
Хеле пот SOHC, 3volves per зк еы DOHC, 4 volvesper | SOHC, 3 volves per 
Power (hp © rpm) $6529 | 920480 Прево | 952580 
Torque (ЬМ. ©рт | 900440 | 1220320 |10840 | 979430 
Compression ratio 931 951 СЕ) “1 
Tronsmission Sspeedmonuol | Sspeed manual | 4-speed outomotic | 3peed automatic 
Final drive ratio in 1% in 35 
CHASSIS 
Front suspension. ‘MacPherson strut; | MacPherson strut; | MacPherson strut; | MacPherson strut; 
«й springs col springs, оой | co springs; onti- | сої springs; ой 
bor rollbar rollbar 
Rear suspension ‘Two trailing arms | Two trailing orms in- | Independent; Independent; strut 
‘integral with rigid | tegrol wih rigid ае sru-type; coil | type; coil spring, 
cecil springs | ono bor, ponhord | springs; оной | onto bar 
rod; col springs | bar 
‘Steering gear Rock ond pinion | Rock and pinion | Rack ond pinion | Rack and pinion 
Turning cle (t). 322 и 302 22 
Brokes (front; reor) Disc drum Disc drum. ‘ABS; ds; se | Di drum 
EPA MILEAGE 
Gry » n a в 
носу 5 E] E] 5 
DIMENSIONS 
Wheelbase (а). 37 я 957 »5 
Length in) 1618 m 1703 165.1 
Width (а) Er 73 656 66.1 
Height in.) Er bn 55 540 
Corb weight (bs. /dstrbuton. | 2,100/ ШИ 2551/ 2372/ 
(front: reor) из из 63:37 63:37 
Fuel tank (gol) ДП м 132 124 
Interior volyme (cu. h.) и @ 8 L] 
Trunk volume (cu. ft) n з n n 
PRICES, PARTS, AND LABOR 
has price СЕД sum 51320 99679 
Price os tested 59479 E 513910 ШЕЙ 
Major options (over $100)... A/CS755; МЕНЫ | A/CST91; AM-FM | 4855700 AYCSTS0; AMM 
stereo rodo stereo S284; rear stereo cosette 
wcsehe S284; | window defroster SATS; aluminum 
exterior appear- | S163; tinted gloss wheels $350; 
ance pockoge | S107 power steering 
$130 E) 
REPAIR: 
PARTS/LABOR* 
Broke pods 51/7 590/05 5417 529/06 
Front shock/strut (ech) 8/13 E 50/15 145/1.) 
Aerator 348/06 245/08 225/06 35/05 
Water pump АЛА 67/10 25/26 вол 
аа) 287/34 170/20 193/26 54/17 
Headlamp assembly 181/06 27/02 9/04 144/06 


Пре э sonder tabs metres ein Fore i iar hor terr by mofo 


ust when you thought the familiar silvery compact 
disc was all you needed in terms of audio, along 
comes yet another incompatible recorded music for- 
mat. The latest format, Sony's take-along Mini Disc 
music system, combines features of CDs and Walk- 
man-type portable cassette machines. Both the Mini 
Discs and another new format scheduled to appear 
next year, digital compact cassettes, bring the advantages 
and disadvantages of computer technology to music record- 
ing and playback. The growing variety of audio hardware 
promises a confusing battle for market domination. 

Miniaturization has been the key goal in designing the 
Mini Disc system. If Sony engineers succeed in cramming 
all the components into the mock-ups shown recently, you 
will have a choice of two exceptionally compact machines: a 
recorder about the size of today's portable cassette recorders 
or a tiny playback-only machine that fits into your shirt 
pocket with room to spare. In addition to extreme compact- 
ness, the machines give you one-second access to any music 
selection on the 2.5-inch discs, plus the advantages of digital 
audio technology compared with standard cassettes (see A 
Growing Menu of Incompatible Audio). 

The development of prerecorded and erasable Mini Discs 
involves the refinement of four technologies: 

*Digital-audio compression that uses five times less data 
than standard compact discs for 74 minutes of audio—with 
some loss of music fidelity. 

*A technique for erasing and recording Mini Discs at the 
same time, using magnetism and laser heating. 

+A small laser that helps erase and record discs, or illumi- 
nates both prerecorded and erasable discs for playback. 

*A memory feature that enables you to handle the ma- 
chines roughly—even jog with them—without causing audi- 
ble interruptions. 

If Sony markets its Mini Disc system next year as. sched- 
uled, it will be a first for most of these technologies in audio 
products. Except for the memory feature, however, similar 
technologies have already appeared in other prototype disc 
recorders not yet sold (see Erasable Discs Revisited). 

The new Mini Discs are mounted in plastic cases with 
metal shutters, much like 3.5-inch diskettes used in personal 
computers. This protects the discs and makes them easier to 
handle, an important advantage for a portable audio system. 

To achieve their goal of storing the same amount of music 
—14 minutes—on Mini Discs as conventional compact discs, 
Sony engineers had several options. “One possibility,” said 
Katsuaki Tsurushima, *was to develop some completely new 
recording mechanism. But another option was to use digital 
technology to manipulate and compress electronic signals." 

Sony settled on a compression scheme that takes advan- 
tage of two particular limitations of human hearing: the 
threshold of hearing, referring to the decibel level below 
which humans can no longer detect sound vibrations; and 
the masking effect that occurs when loud and soft sounds 
with similar frequencies strike the ears simultaneously and 
the soft sound isn't recognized. 

During Mini Disc recording, the incoming analog signal is 
sampled and digitized much like it is in existing CD technol- 
ogy. But then the compression encoder analyzes the data 
and selects only those digital signals representing sounds 
the human ear is likely to hear. Address information, which 
helps the laser find its place on the disc when there's an in- 
terruption, and error correction data are added and the digi- 
tal signals are recorded onto the disc. 

Sony's compression scheme squeezes the same amount of 
data into one-fifth the space of conventional digital record- 
ings with only a slight loss in sound quality after it's decom- 
pressed, the company claims. Demonstrations of Mini Disc 
audio have so far been too restrictive to allow for compar- 
isons with other audio media. However, one Sony engineer 


64 • POPULAR SCIENCE AUGUST 1991 


COMING IN 1992 


POCKET-SIZE 
RECORDER 
PLAYS MUSIC 
ON A 


By DENNIS NORMILE 


said that about two percent of the population, especially mu- 
Sicians and audiophiles, might be able to hear the differ- 
ences between full-range CD recordings and the uncom- 
pressed audio from Mini Discs. The Mini Disc system, 
though, is designed for listening anywhere—with head- 
phones, in a boom box, or in a car audio system—where 
there's a potential for background noise. This format is not 
earmarked for audiophile hi-fi equipment you would savor 
in a quiet listening room. Sony executives admit the sound 
quality of their Mini Disc system won't quite match that of 
CDs. 

Compression has another advantage over developing a 


Playback-only Sony Mini Disc ma- 
chines are expected to be palm size, 
like this nonoperational mock-up. 


special recording technology to store CD-quality on a 2.5-inch 
disc: Music publishers will be able to use current CD-record- 
ing equipment to produce prerecorded Mini Discs, making it 
easier to put a variety of titles on store shelves. 

Although the same laser can play back music from both 
prerecorded and erasable Mini Discs, the record-playback 
technologies for the two discs are completely different. The 
new prerecorded discs use the same optical technology as pre- 
sent CDs in which pits are formed on a metallic disc surface 
at the factory. These pits disrupt a laser beam during play- 
back, making its reflection strong or weak to correspond with 
digital ones and zeros, respectively. 

By contrast, the recordable discs use magneto-optical tech- 
nology. “If you look closely, you can tell the difference,” says 
Tsurushima, holding up both types of Mini Discs. From the 
back the two discs appear the same. Along one edge is a slid- 
ing metal shutter that gives the laser access to the disc from 
below. But while the front of the prerecorded disc is smooth, 
the recordable disc has another shutter. 

“For magneto-optical recording, it's necessary to have a 
[magnetic] head above the disc," Tsurushima explains. With 
the magneto-optical technology used for erasable Mini Discs, 
alaser briefly heats a microscopic spot on the disc's magnetic 
layer. The high temperature (about 400 degrees F) makes it 
easier to reorient the magnetic polarity at the spot with a 
magnetic recording head. After the spot cools, its polarity is 
difficult to change unless it is reheated. The magnetic polari- 
ty of the spots encircling the disc corresponds to the ones and 
zeros of digital music data. 

When magneto-optical recordings are played, the laser's 
power is reduced and its light is polarized and trained on the 
magnetized spots. When the polarized light interacts with the 
magnetic field of the spots, a phenomenon called the Kerr ef- 
fect, the polarization plane of reflected light is twisted slightly. 
It's analogous to throwing a stick at one angle onto a sheet of 
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ERASABLE DISCS REVISITED 


Disc machines designed to record hi-fi audio aren't new. The gi- 
ant Dutch company N. V. Philips showed a prototype compact 
disc recorder in 1982. And at a European audio-video show two 
years ago, about 20 varieties of recordable CDs appeared. (Re- 
cordable disc formats include permanent recordings that can't 
be erased.) But the history of erasable-disc announcements and 
their availability in stores has been dismal. Among the reasons: 
Representatives of the music industry, fearing a loss of revenue 
from recordings made with highly accurate digital technology, 
have successfully blocked or delayed many new recorder en- 
tries with threats of copyright infringement lawsuits. 

But technology can be a problem too. Early in 1988, Tandy 
Corp. in Fort Worth, Texas, announced an erasable CD called 
THOR. While Tandy's disc venture is more than a year behind 
its on-sale schedule, a spokesman says the project is still un- 
der way, although he declines to estimate an on-sale date. 
Tandy isn't giving any details, but if early reports about THOR 
are accurate, Tandy's erasable disc is based on a rare technol- 
ogy, dye-polymer recording [“Coming: CD Recorder," July '88]. 
In this technique, a record-play laser heats a polymer layer on 
the disc, causing tiny pits to form. During playback, the pits 
disperse laser light, producing a blinking pattern needed for 
digital audio. To erase a THOR disc, another laser heats and 
softens an adjacent polymer layer, which flattens the pits. 
Researchers must perfect this flattening stage, because inad- 
equate smoothing of the pits limits how many times a disc can 
be erased. 

While the dye-polymer blend gives THOR discs a brilliant blue 
color, the vast majority of erasable discs have a muddy-brown 
hue from their thin coating of a magnetic iron-oxide-based pow- 
der. The technology for such magneto-optical discs is well estab- 
lished: For recording, laser heating and magnetism from a coil 
creates microscopic regions of different magnetic polarities. 
During playback, the magnetic polarity of one of these regions 
twists the optical polarity of light reflected from it, which identifies 
the original recorded pattern. 

Last year, the French company Thomson Consumer Elec- 
tronics showed a laboratory prototype of a magneto-optical disc 
recorder [Electronics Newsfront,” Oct '90]. Some of Thomson's 
technology is strikingly similar to that used in Sony's Mini Disc. 
But because the two machines are designed for different func- 
tions—hi-fi recording at home versus Sony's take-along personal 
format—there are also major differences in the hardware. First, 
both recorders can play prerecorded and erasable discs. 
Thomson's machine handles ordinary compact discs. And be- 
cause the Thomson recorder is designed for 4.7-inch CDs, it 
doesn't need the extreme five-to-one data compression Sony 
employs to squeeze a CD's 74 minutes of music onto its 2.5-inch 
discs. As a result, Thomson's recorder achieves the full range of 
fidelity possible with the 16-bit data resolution used for CDs. But 
to extend the recording time in its machine, Thomson includes a 
long-play mode based on four-to-one data compression. That 
compression reduces music fidelity, although Thomson, like 
Sony, claims few people can detect the missing music data. Few, 
of course, have had the opportunity. 

Both the Sony and Thomson machines record by sending da- 
ta signals to a magnet above the disc while heating tiny points on 
its ultra-thin recording layer from below the disc with a laser. The 
recording materials are also similar: a blend of the rare-earth ter- 
bium, cobalt, and iron compounds. 

Thomson has not been able to agree upon a disc standard 
with N. V. Philips, which originated both the compact disc and 
compact cassette. Philips is promoting its own digital compact 
cassette format [Тһе Second Coming of the Digital Cassette," 
June]. “But later this year,” says a Philips spokeswoman, “we will 
offer a small compact disc recorder for the professional market.” 
Philips hasn't priced the machine yet, but the spokeswoman 
speculated songwriters and musicians might pay more than 
$5,000 for a recorder based on the CD format. This machine, 
however, will probably use write-once disc technology, which 
permanently pits discs, rather than erasable disc technology. 
"Once a solution to the copyright problem has been reached," 
says the spokeswoman, “a compact disc recorder for the con- 
sumer market will be introduced."—John Free 


ice and having it bounce off at a different angle. An analysis of 
the light with detection circuits registers the magnetic polari- 
ties of the spots, reconstructing the recorded ones and zeros. 

Two technologies were especially important in the devel- 
opment of the portable, battery-powered magneto-optical 
recorder, says Sony. The first is the magnetic medium of ter- 
bium ferrite cobalt used on the erasable Mini Discs. 
Terbium is a rare-earth element, and ferrite is the iron oxide 
also used on magnetic tape. For data storage, this material 
can be magnetically switched with one-third the power 
needed for the conventional magneto-optical discs used by 
the computer industry. Second, Sony developed a high-effi- 
ciency magnetic recording coil and driving circuit that can 
reverse polarity within about 100 billionths of a second (see 
diagram on facing page). 

Here's why this combination now makes portable disc 
recording possible: Because the magnetic recording coil 
needs little power and the terbium ferrite cobalt can be 
magnetically reoriented with little power, a battery can sup- 
ply the required energy. Moreover, the rapid reversal rate of 
the new magnetic head makes it possible to erase old data 
and record new information simultaneously in one disc rota- 
tion. As a result, the Mini Disc recording mechanism is sim- 
pler and more compact. 

This one-rotation erase-record sequence differs from most 
previous magneto-optical drives, which require a separate 
step to erase the disc before new data can be written. This 
separate erasing stage involves either a time-consuming ro- 
tation of the disc over the laser combined with magnetic sig- 
nals to reorient the magnetic layer or separate lasers operat- 
ing at the same time, one for erasing and one for recording. 

One final challenge in creating a disc machine that oper- 
ates on the go: overcoming the skips and distortions that 
result from mistracking. A problem with existing portable 
CD players is that jarring them throws the optical pickup 
out of position. Rather than try to prevent mistracking, the 
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Mini Disc system compensates with a 
buffer memory. 

To demonstrate this memory feature, 
Tsurushima picks up a laboratory ver- 
sion of a Mini Disc player and shakes 
the machine as it plays music. Instead 
of the rasping sound you would expect 
as a laser is thrown off track, the music 
continues uninterrupted. Next he pries 
open the lid of the player, pulls the disc 
out, holds it up briefly, and then pops 
the disc back into the machine. Re- 
markably, not a beat is missed. Once 
again he pulls out the disc, but this 
time he waits several seconds. Finally 
the music stops. "That was just to show 
you the sound wasn't coming from 
somewhere else," he says. 

The trick to this playback tenacity is 
that the optical pickup reads data from 
discs more than four times faster than 
is necessary for real-time playback. 
Data read from the disc flows into a 
one-megabit buffer memory at the rate 
of 1.4 megabits per second. But the de- 
coder circuits converting this data into 
sound only need a 0.3-megabit-per-sec- 
ond flow of data. This enables the one- 
megabit buffer memory to hold three 
seconds of music information (see 
drawing on page 66). 

If the optical pickup is jarred out of 
position, the flow of correct data from 
the memory to the digital-analog con- 
verter continues as long as the pickup 
resumes proper reading within three 
seconds. When mistracking occurs in 
an Mini Disc player—as in convention- 
al CD machines—counting circuits de- 
tect the abrupt change in address infor- 
mation recorded periodically with the 
music data. The laser pickup then 
quickly repositions itself using the ad- 
dress information registered just be- 
fore the interruption. 


DIGITAL COMPACT 


Ithough the Mini Disc technolo- 

gy has been established, the 

equipment is still being refined. 
Sony is also negotiating with music 
companies and other equipment 
manufacturers to broaden the use of 
the new format. One concession to 
the interests of music companies and 
recording artists is that Mini Disc 
machines will include a serial copy 
management system. This digital en- 
coding scheme, also included on the 
newest digital tape formats, allows 
you to make one recording of prere- 
corded material, but blocks the re- 
cording of additional copies. Sony has 
not disclosed the Mini Disc player or recorder prices. 

But just as the CD has driven LPs to near extinction, the 
new 2.5-inch discs may eventually replace standard compact 
cassettes. Sales of prerecorded cassettes have been declining in 
industrialized countries, according to data from the Interna- 
tional Federation of the Phonographic Industry. Sony's re- 
searchers claim that listeners are dissatisfied with the sound 
quality of cassettes after growing accustomed to CDs. The de- 


68 © POPULAR SCIENCE AUGUST 1991 


A GROWING MENU OF INCOMPATIBLE AUDIO 
FORMAT 


FEATURES PRO сон 
portable player/recorder. fices fidelity. Limited ti- 
Anti-shock memory. Че initially.. 
Rapid access to bands. 
No-wear recording. 
Full 16-bit fidelity (wide — Mistracks when players 
dynamic range). Rapid оге jarred. 
access to bands. Wide Nonrecordable. 
playback only. range of titles. 
Ws-inch-wide tape; Extended recording Limited dynamic range, 
fixed record/playbock times: Wide variety of tape hiss, speed ond — 
head. For home and inexpensive titles. pitch changes, tape. 
portable use. : damage and wear. Slow 
excess to bands. 
8 digital-audio tracks in Digital encoding elimi- Data compression sacri 
each direction, with au- nates pitch-change, hiss, fices fidelity. Tape dam- 
toreverse standard. low dynamic range prob- оде and wear. Slow ac- 
Fixed record/playbock lems. Machines also play cess to bands. Limited 
heads. For home and stondard compact cas- titles initially. 
portable use. Due in settes. Shutter protects 
1992. tape. 
V/ginch-wide tape. Full 16-bit record/play- Сотріех, costly ma- 
Spinning record/play- Бос fidelity (wide dy- chines. Few prerecorded 
bock heads. High-quali- namic range). titles. Slow access to 
ty home and portable bonds. Tape био е 
ше. Professional and wear. 
recording. 
Grooved 12-inch discs. Wide range of inexpen- Restricted dynamic 
Mechanical-electrical sive fitles available. range. Susceptible to 
playback. For home dirt, scratches, and 
use. wear. 


sign goal for Mini Discs, therefore, was to achieve the portabili- 
ty, recordability, and shock resistance of the Walkman, but with 
the quick random access and nearly the sound quality of CDs. 
With the range of audio formats now available, consumers 
face a daunting choice selecting audio equipment. Sony in- 
tends to support all the format, even the digital compact cas- 
sette format developed by N. V. Philips of the Netherlands. 
Stay tuned as the battle lines are drawn. us 
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ke crystals undergo changes in size, shape, and orientation with increas- 
ing depth. Researchers use polarized light to look at these changes. 


Such a record will date through the last ice age, more than 
75,000 years ago, into the warm interglacial period and 
back into the previous ice age. More important, it will be a 
high-resolution record. That is, five to six samples will be 
collected per year, as opposed to previous deep-drilling pro- 
jects that collected a few hundred samples covering thou- 
sands of years. 

As researchers drill deeper and deeper into the ice sheet 
and the ice becomes more and more compressed, there are 
fewer samples available for a given time span. Thus, a loss 
of even a single section, particularly one retrieved from a 
great depth, could result in a discontinuity of centuries in 
the record. There is another reason for taking extreme 
care in extracting and handling the cores. Because the con- 
centrations of compounds being measured in the ice are 
extremely low, contamination of any sort can compromise 
the record. “If you touch the ice core with your finger, your 


sweat can offset the sodium and chloride levels in the core. 
You are trying to take a sample that is cleaner than you 
are," explains Michael Morrison, associate director of the 
GISP2 Science Management Office. 


elsewhere for the last 10 years, at least. A notable 14- 

year Soviet expedition at the Vostok drill hole in eastern 
Antarctica was able to reach back 160,000 years. Analysis of 
the Vostok samples provided the world with some of its first 
evidence of the link between carbon dioxide and the warm- 
ing of Earth's atmosphere. The difference now is that GISP2 
is designed to retrieve ice samples for the longest and most 
precise record ever made for the Northern Hemisphere. 
GISP2 records may also provide continuous data from a par- 
ticularly brittle area in the ice, a section that lies between 
990 and 3,300 feet down. Other expeditions have retrieved 
only a few samples from this zone. 

The brittleness at this level is a result of the way the 
crystals and gas bubbles in the ice compress under the im- 
mense pressure of the ice sheet. “It turns the ice into a lit- 
tle bomb ready to burst," says Mayewski. “But with new 
drilling and handling techniques, we hope to retrieve a 
good amount of quality samples from this section." 

Ice-core research is a difficult and tedious task. GISP2 
researchers must wear special “clean suits," which offer no 
protection against the sub-zero temperatures to ensure 
that they will not contaminate the samples. Newcomers to 
the camp often stumble around at first because the frigid 
air at 10,200 feet above sea level is thin. 

After the drill has chewed into the cap, workers lift a 19- 
foot-long cylinder of ice to the surface; the sample is five 
inches in diameter and slimy from oil pumped into the drill 
hole to keep the hole from collapsing. The ice is then re- 
moved from the base of the drill and cut into more manage- 
able six-foot sections. 

Each section is stored in a freezer so it can “relax,” or 
become acclimated to the extremely reduced pressure. A 
few days later, the ice is moved along rollers in assembly- 
line fashion in the science trench, a snow cave more than 
12 feet below ground level. There the ice is bombarded 
with a battery of tests, accosted by band saws, electrodes, 


$: have been analyzing ice cores in Antarctica and 


DRANG FOR CLUES TO THE CLIMATE 


Retrieving a 10,000-foot ice core from the center of the Greenland 
ice sheet is not a simple task, and it can be dangerous. The Polar 
Ice Coring Office (PICO) of the University of Alaska in Fairbanks 
has spent several years developing a state-of-the-art ice drill for 
GISP2. 

When the drill carves a piece of ice out of the sheet, ice chips 
result. Separating these cuttings from the drilling fluid, needed 
to prevent the drill hole from collapsing under its own weight, 
has always been a difficulty in deep-drilling projects. The PICO 
drill has a unique filter design for accomplishing this task. Butyl 
acetate, a relatively innocuous compound, is used as a fluid for 
the drill. This is a successful departure from fluids used in previ- 
ous drilling projects, which posed both health and environmental 
hazards. 

The PICO drill is more than 65 feet long and is housed in a 52- 
foot-diameter geodesic dome. It is capable of retrieving 19-foot 
core sections (previously only four-foot sections could be taken), 
and a larger diameter core (5.2-inch versus the traditional four- 
inch). The ability to take 19-foot sections of ice is critical to getting 
to the bottom of the sheet in a reasonable amount of time. The 
longer sections help maintain the integrity of the samples because 
there is less handling, reducing the risk of contamination. At 
greater depths, where the ice is more compressed and there is 
less available for a given time period, the extra ice takes on more 
importance because it supplies additional material for the many 
analyses being performed.—M. M. S. 


and lasers. After on-site tests are 
run, the remaining ice is sectioned 
into samples that are 5.12 inches 
long. These are placed in plastic bags 
and stored in a pit where the sam- 
ples cannot melt. At the end of the 
drilling season, several tons of ice 
will be flown by the New York Air 
National Guard to Schenectady, N.Y. 

Researchers at more than 20 uni- 
versities anxiously await the pris- 
tine cylinders of ice for testing. How 
do they know how old the sample is 
that they're looking at when analyz- 
ing a chunk from, say, 3,000 feet be- 
low the surface? Mathematical mod- 
els, which are drawn up before work 
in the field begins, date samples 
with reasonable accuracy—give or 
take two years—for at least the first 
5,000 years. “We know roughly how 
much snow falls each year, and each 
year it gets compressed a certain 
amount, so we can calculate the age 
for a given depth," says Morrison. 

Near the surface it is possible to 
see annual layers in the ice, much 
like the rings of a tree. Richard Alley 
of Pennsylvania State University 
says the ice can be read like geologi- 
cal sediment. By backlighting a seg- 
ment of the core, researchers can de- 
tect light and dark layers left in 
summer and winter. This is possible 
for layers going back about 750 
years. But earlier than that, “dating 
by eye is difficult," says Alley, be- 
cause the layers of ice become more 
and more compressed. 

An important dating baseline is 
provided by the electrical conductivi- 
ty measurement (ECM) that gauges 
where the core conducts electricity 


CHOOSING THE SPOT 
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Greenland is an ideal spot for ice-core 
drilling. The snow accumulation rate is 
more than twice that of eastern Antarctica, 
So the ice sheet covering Greenland con- 
tains thicker annual layers. Because of 
this, scientists are able to retrieve more ice 
samples per year and thus obtain a higher- 
resolution record. The GISP2 scientists 
pitch camp at the summit of the Greenland 
ice cap. Here the ice is thickest: 2,000 me- 
ters, or about two miles, to the bottom. The 
summit is also on an ice divide. Because 
the flow of ice on either side of the divide is 
at its lowest, the layers of snow are evenly 
stacked. This enables scientists to retrieve 
a complete climate record with the fewest 
discontinuities.—M. M. S. 


begin to rise at the dawn of the In- 
dustrial Revolution. 

Volcanoes play another role in dat- 
ing. Volcanic ash and dust particles , 
have specific shapes and types of 
chemical activity that are unique to 
certain kinds of eruptions, so scien- 
tists can attribute the particulates 
trapped in the ice to a specific erup- 
tion date. So far, scientists have ex- 
amined radioactive particles from 
the 1986 Soviet nuclear accident at 
Chernobyl, the dust and ash parti- 
cles from the 1980 eruption of Mount 
St. Helens in Washington, the great 
dust bowl of the 1930s, and Iceland's 
Laki eruption in 1783. Scientists 
hope eventually to pinpoint the erup- 
tion that buried Pompeii, Italy, in 
A.D. 79. Michael Ram, an atmo- 
spheric physicist at the State Univer- 
sity of New York at Buffalo, and Gre- 
gory A. Zielinski and Joe Fiacco at 
the University of New Hampshire 
are the principal investigators in this 
area. “Ash particles are the only con- 
crete source in the ice that can be 
traced back to their original source. 
So we can place a firm date on a par- 
ticular section of the core," explains 
Fiacco. 

Seasonal increases in a certain 
type of dust that's known to blow off 
the Gobi desert during spring and 
summer storms also can be detected 
and helps to date the seasons back 
for about 10,000 years. 

Other particles tell stories too. 
Ram's discovery of some volcanic- 
glass shards as large as 300 mi- 
crometers (about three times the 
thickness of cotton thread) are of 
particular interest because of the 


best. The ECM is one of the few tests 


distance they've traveled. "We ana- 


that is conducted in the field imme- 

diately after the core is extracted. 

“One of the many things that will change the conductivity 
in a core is its sulfate content. A peak in conductivity 
could indicate a volcanic eruption," explains Morrison, be- 
cause volcanoes belch sulfur into the atmosphere when 
they erupt. 

Mayewski and his co-workers at the University of New 
Hampshire are working to compile a continuous sulfate 
and nitrate record. Sulfate can result from human activi- 
ty, such as the burning of fossil fuels: When it combines 
with water in the atmosphere, it forms acid. “Sulfate and 
nitrate are the two things that go into acid rain," explains 
Mayewski. While sulfate cools Earth by blocking incom- 
ing solar radiation, the carbon dioxide that is generated 
by burning fossil fuels warms it. “One way to look at this 
situation is to say that adding more sulfate to the atmo- 
sphere will cool global warming. That is the wrong way. 
That's like telling someone to take two kinds of drugs, one 
that makes them hyper and one that makes them de- 
pressed, and then hope that they come out right," says 
Mayewski. 

The current sulfate record dates back to A.D. 300. 
“Around 1900, the sulfate concentrations take a big jump. 
There's no doubt that we've done something dramatic," 
says Mayewski. It is not a coincidence that sulfur levels 


lyzed the particles and found them 

to be similar in composition and 
morphology to those found in Atlantic deep-sea cores go- 
ing back 70,000 years," says Ram. These large volcanic- 
glass shards were blasted into the atmosphere and jour- 
neyed approximately 600 miles from their source before 
they hit Greenland's surface. 


Grootes and Minze Stuiver of the University of 

Washington, who examine oxygen isotopes in the 
core. Oxygen occurs naturally in two isotopes, or forms. 
Different isotopes of an element have the same atomic 
number and are the same chemically, but have slightly 
different weights because of differing numbers of neu- 
trons in the nucleus. The ratio between the two isotopes of 
oxygen (oxygen-16 and oxygen-18) in a sample сап be 
used as a “geological thermometer.” 

“In summer there is more oxygen-eighteen, and in win- 
ter there is less, so there are seasonal peaks you can look 
at,” says Morrison. Sometimes the peaks are hard to trace 
because the oxygen isotopes diffuse or are destroyed in 
windstorms. 

Examining the carbon dioxide in the core, on the other 
hand, will indicate not only how much carbon dioxide was 
[Continued on page 88] 
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A dating technique is pursued by Pieter M. 


SNEAK 
PEEKS 
ATUS. 
CARS 


COME 


By JIM McCRAW 


hough it may be 1991 

where you live, it's an- 

other year entirely in- 

side the product plan- 

ning departments of 

Detroit's auto makers. 

Here, the styling teams, 

engineers, economists, 

and MBAs are huddling together, 

mapping out the forms and features 

of cars slated to appear on the mar- 
ket for the next four years or so. 

For these insiders, the '92 mod- 
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els are already old news—the 
blueprints have been filed away 
and all but the smallest details 
have long since been finalized. 
Plans for the '93 models, not due 
in the showrooms for another cal- 
endar year, are mostly complete, 
and even the 1994 models are ap- 
proaching production. . 

Thanks to this considerable lead 
time—a necessity when designing 
and testing the prototypes, making 
dies, ordering tooling, and lining up 


New Tempo 
Ic0w27) 


Modular = 


thousands of component suppliers 
—there’s a good chance that news of 
the upcoming models will slip out to 
the Detroit underground. 

This information is intended to be 
more than just interesting after-din- 
ner banter; the aim is to help you 
make rational purchase decisions. 
Let's say the family wagon is near- 
ing the 100,000-mile mark, and 
you're ready to shop. It may pay off 
to check whats in the wings. 

This strategy can work two ways: 


CHRYSLER 


STOP PRESS! 


1993 LINCOLN MARK МИ 


1994 DODGE SHADOW/ 
PLYMOUTH SUNDANCE 


= 


replac 


Replaced by 
PL platform 


Replaced by 
JA platform 


1 


1993 CHRYSLER LH 


Rather than jumping at a bargain 
price on a '91 leftover Chevrolet Lu- 
mina minivan, for example, you 
may do better by holding on until 
the '92s arrive. As the chart points 
out, the General Motors APV family 
will be upgraded this fall with a 3.8- 
liter V6 engine and four-speed auto- 
matic transmission, an improve- 
ment worth waiting for. On the 
other hand, because only cosmetic 
changes are in the works for next 
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1994 SATURN STATION WAGON 


1992 CADILLAC ELDORADO 


n 
1 


year's Ford Taurus you may want 
to scoop up a 1991 model at a good 
end-of-the-year price, when deal- 
ers will be anxious to move their 
stock. 

We compiled the information in 
the chart from both public and pri- 
vate sources. Of course, changing 
market and economic conditions 
may alter when manufacturers in- 
troduce new models or even result 
in their cancellation. But this is our 
best educated prediction of the 
makers' current plans. 

Nearly every entry on the chart is 
followed by a letter or an alphanu- 
meric combination in parentheses. 
These are the factories’ internal 
designations for the platforms on 
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1992 CHEVROLET CORSICA 


TIA 


1992 CADILLAC SEVILLE 


1992 PONTIAC GRAND AM COUPE 


E 
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1992 BUICK SKYLARK 


which the models are built. You can 
use these letters to match up car 
lines with sister car lines to find out 
how many different cars are built 
from the same basic platform. A 
platform usually includes the same 
suspension, steering, power train, 
and physical dimensions, especially 
the wheelbase and tread dimen- 
sions; changes to sheet metal, roof 
line, and interior designs give each 
car its own personality. 

The chart details the major 
changes in domestic cars known to 
us at press time. Now you won't 
have to wait to press your nose 
against the showroom window to 
get your first taste of what's coming 
from Detroit. us 
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REVERSING THE 
GREENHOUSE 


City-size satellites, lunar mining, and floating 
"islands" аге part of an ambitious plan to pre- 
vent future devastation from global warming. 


By MARIETTE DiCHRISTINA 


t first, Charles Owen admits, the goal was 
simply to win a design competition. But 
developing a concept to combat global 
warming came to mean more to him and 
his students at the Illinois Institute of 
Technology (ITT) in Chicago. 
“It became a mission to raise public 
awareness,” says Owen, a prot r at ITT's 
Institute of Design. “We could do something about global 
warming, and if we do it right, we could help the world econ- 
omy as well as take steps as an insurance policy in case it's 
as bad as some scientists predict." 

To fulfill that mission, ITT graduate and fourth-year stu- 
dents developed Project Phoenix, named in the hope that 
Earth could arise from the ashes of fossil-fuel burning as 
renewed as the mythical b; The massive two-pronged 
plan proposes to reduce fossil-fuel use to decrease the gen- 
eration of carbon dioxide—one of the chief gases contribut- 
ing to the greenhouse effect [“Global Warming," Aug., 
Sept., and Oct. '89]. Then, to remove carbon dioxide from 
the atmosphere, it posits regreening deserts and adding 
vast green areas to oceans. 

The students began work in 1988, using research data 
from published scientific papers. By that time, entries from 
Owen's class had won two out of three of the prestigious In- 
ternational Design Competition awards in Osaka, Japan 
[^The House That Computers Built," April '84; *Water 
Works," Nov. '88]. While Project Phoenix hasn't won a compe- 
tition, Owen hopes it will help resolve the greenhouse war. 

Global warming is caused by atmospheric gases—the 
greenhouse gases—that trap heat. Many experts believe an 
increased greenhouse effect could lead to climate shifts and 
rising coastal water levels. Scientists estimate that 225 bil- 
lion tons of carbon are removed annually from the atmo- 
sphere by forests and oceans. However, 228 billion tons of 
carbon are added, of which 5.5 billion are from the burning 
of fossil fuels and 2.2 billion are released by deforestation. 
Compounding the problem is the rising need for electrical 
power, now generated mainly by burning coal, oil, and gas. 

Replacing fossil fuels with other energy sources, such as 
solar, seems a likely part of the solution. But because solar 
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In the Project Phoenix plan to mitigate effects of an increased greenhouse, 

materials mined from a lunar factory (top) are proposed to build solar-pow- 
er-generating satellites in space. The satellites beam microwave energy to 

receptors mounted on anchored small twin-hull (SWATH) 

flotation supports (above) or on deserted areas of land. 
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Solar-power-generating satellites, each the size of metropolitan Chicago, answer some energy needs without contributing to global warming. 


energy generation is confined to daytime and further limit- 
ed by cloudy days, Project Phoenix suggests transferring 
the bulk of the power production to solar-power-generating 
satellites. In geosynchronous orbit 22,245 miles above 
Earth, satellites 5.6 miles across would beam 10 gigawatts 
of energy to collectors on Earth in the form of microwaves. 

The huge satellites would be constructed in space. “You 
wouldn’t build them on Earth and then take them up,” 
says Owen. "That's a logistics nightmare. 

“So we looked to the moon as a source for materials,” he 
continues. “If you do that, you need to get people back and 
forth to the moon for maintenance, repair, and assembly. 
And that makes a sensible place for the long-proposed 
space station—a way station between the moon and Earth.” 
A reusable shuttle would go to the station; another would 
travel from the station to the moon or satellites. 

To build the satellites, lunar materials such as silica and 
alumina would be fired into an orbiting receiver. A lunar 
factory in orbit would then process the materials, growing 
silicon crystals in microgravity for photovoltaic cells, for 


example. Robots would do much of the satellite assembly. 

On Earth, a receiving antenna would convert microwave 
energy to DC. The electricity would be distributed through 
a grid or used to electrolyze water to make hydrogen. To 
avoid interfering with radio waves and exposing people to 
the low microwave levels, the receiving antennas could be 
located in sparsely populated areas. 


olar-power satellites, such as those suggested by Project 
Phoenix, are a serious option for the future, say experts. 
“These ideas are not pie in the sky,” explains Gregg 
Maryniak, executive vice president of the Space Studies In- 
stitute in Rocky Hill, N.J. “We [in the space science commu- 
nity] are delighted that the students have found solar-power 
satellites, because it’s the best option,” he adds. 
“The science is well understood; now it’s an engineering 
challenge,” agrees Peter Glaser, who introduced the idea in 
1968 and is now vice president, space operations, at Arthur 


INSTITUTE OF DESIGN, ILLINOIS INSTITUTE OF TECHNOLOGY 


D. Little Inc. in Cambridge, Mass. “Developing solar-power , 


satellites is like designing an airplane. Today, we're at the 
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Protected by floating breakwaters (far right), mangrove wetlands (right) and kelp (left) growing on 
anchored systems of nets remove carbon dioxide, slowing the greenhouse effect. 


Spirit of St. Louis stage,” says Glaser, referring to the plane 
Charles Lindbergh flew nonstop from New York to Paris in 
1927. “If somebody at that time said, ‘Can you build a 747? 
we'd probably say, ‘Yes, but it will take a little while.'" 

The second half of the plan calls for adding green areas to 
absorb more carbon dioxide. Some 3.3 million square miles 
of once forested land is now barren for various reasons; 1.9 
million square miles of this total are now unused. ^We'd put 
two million square kilometers [772,000 square miles] under 
forestation, which would absorb a billion metric tons [1.1 
billion tons] of carbon annually," says Owen. 

Just as once lush areas can become deserts, reasons 
Owen, the process can reverse. “By protecting plants until 
they can live on their own, you can get the system to work 
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I deforestation adds o global warming, regreening may counter it. Above, domes shelter plants seeded " 
to reclaim wasteland. When ecosystems stabilize, the domes are moved to convert more areas (inset). 


for you,” he says. Hexagonal air-sup- 
ported plastic domes, about 820 feet 
on a side, would shelter developing 
ecosystems. “When the domes are re- 
moved, the plants will absorb heat, 
respire, and produce water in the air 
column above,” says Owen. “This will 
get the temperature down below the 
dew point so you'll get rain again.” 

Under the domes, native desertlike 
plants will grow first. “Ten years down 
the line, when you begin changing the 
area’s climate, you could introduce 
plants that live in a more temperate 
environment—plants that would natu- 
rally live on the periphery of that par- 
ticular ecosystem,” Owen says. Eventu- 
ally, economically valuable crops could 
be grown. Power generated by solar 
arrays could help to irrigate the plants 
and crops by moving air and pumping 
water from underground aquifers or 
from nearby sources. 
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n terms of harebrained schemes, 
greening the ocean is probably 
the wildest,” admits Owen as he 
introduces the other half of the car- 
bon-absorption scheme. In deep ocean 
water, huge areas are relatively emp- 
ty of sea life. Project Phoenix envi- 
sions adding systems of large floating 
*wetlands"—covering as much as 
386,000 square miles—to absorb 0.6 
billion ton of carbon annually. 

Mangroves (land-forming trees that 
grow in salt water), sargassum (float- 
ing algae), and mollusks will form one 
type of floating wetland. Mangroves 
would grow on an anchored net sys- 
tem; their interlocking root systems, 
clinging oyster clumps, and detritus 
would strengthen the structure. Like 
the mangroves, beds of kelp—a har- 
vestable food—would be seeded in 
grid structures below the surface to 
; make up the other type of floating is- 
land. Propeller pumps would bring up 
cool, nitrogen-rich bottom water. 

The islands could provide another 
benefit. Coastal wetlands are gradu- 
ally becoming cement and harbors,” 
Owen says. "These new areas could 
become a habitat for displaced fish 
and shellfish." This idea isn't too far- 
fetched, says Jack Rudloe, president 
of the Gulf Specimen Marine Laboratory in Panacea, Fla. 
"There have been lots of studies on artificial reefs," he 
says, adding that even crab buoys and oil rigs can become 
rich mini-ecosystems by giving marine animals a place to live. 

To draw awareness to global warming, Owen is sending 
copies of Project Phoenix to research centers, universities, 
and heads of state. "To avoid the kind of Middle Eastern 
conflict we've just gone through, we must no longer be lim- 
ited by who controls an oil well or a coal mine,” says Glaser. 
"The stakes are enormous." Toward this end, Glaser places 
hope in students such as those at the Illinois Institute of 
Technology. “What’s most important is they become familiar 
with these ideas so later they can have an impact on the 
companies that will be involved in these projects." 
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video/audio servicing! 


Only NRI gets you started fast with real-world training designed around 


NRI's newly expanded training cov- 
ers all the latest advances in home 
entertainment electronics, then takes 
you inside today's high-tech equip- 
ment as you learn to troubleshoot, 
diagnose, and service the complete 
home entertainment system included 
in your course: 13" color TV, pro- 
grammable VCR, and integrated 
audio rack system. Only NRI makes it 
so easy to start a new career, earn 
part-time income, even start a 
video/audio servicing business of 
your own! 


Billions of dollars of video/audio 
equipment means big opportunity 
for you 


There's never been a better time to get 
involved in home entertainment electron- 
ics. Experts predict that consumers of 
video/audio equipment will spend over $26 
billion by 1995 as product manufacturers 
race to fill the demand for increasingly 
sophisticated technology. 
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an integrated remote-controlled audio 
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Theory comes to life as you learn to 
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and discover first-hand how to maintain 
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N tice what's been happening to cameras lately? As ever 


more sophisticated capabilities are added—complex focus- 
ing and exposure modes, longer and longer zoom len: for 
example—cameras are getting bigger, bulkier, hea’ 
be more of a chore to use. This is true even for cameras 
that are nominally designed for t ateur, like the hy- 
brids reported in January 1990 |“ X 
Now a counter-trend brings the ү ras (shown 
life-size) with many of the goliaths’ features. Each fits into a 
shirt pocket: minimal weight low ounces) and size 
for a device that delivers a full-frame 35mm image. Port- 
ability, combined with putomatic film Балеро multi-zone 


fast shitter spec 
By ARTHUR FISHER optional data t 


Lwsrraionsv йил сун motossr owe camen available for each model) could SERE these came 
ble, either as a sole choice or as a standby on days when 


you're traveling light. fas) 
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sion mode ["Getting the Red Out,” | 
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‘ond delay. List price: $225. 32 
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Tells how you 
quickly train to be 


your own boss in 
aprofitable 
Sparetime or Full- 
time business of 


No frills (continued from page 63] 


ties to the GM advanced vehicle activi- 
ty and Opel in Europe (GM’s German 
division) have given Isuzu a strong 
platform from which to launch its U.S. 
products. The Stylus’s size, shape, and 
proportions hit you with a wallop, and 
the interior backs up the exterior very 
well. The Stylus comes standard with 
an air bag and a 1.6-liter three-valve 
version of the latest Isuzu four cylin- 
der; the latter is also available as a 
four-valve or a four-valve turbo in oth- 
er versions of the car. 


Sticker shock 


The Stylus S version we tested 
sported more optional gear than the 
Sundance and Tercel, including an 
automatic transaxle, air condition- 
ing, power steering, an AM-FM ste- 
reo cassette system, and aluminum 
wheels. It’s not surprising that these 
items boosted the price, upping the 
sticker to $11,579 from a base of 
$9,679—a bit of a shock. 

There’s no question, the Stylus has 
an avant-garde small-car design, in- 
side and out, another step closer to 
the Japanese-led cab-forward move- 
ment: The grille is in the bumper; the 
headlamp units are major design ele- 
ments; and the hood, the softly 
rounded greenhouse, and the tail box 
follow the nose beautifully. The aero 
skirting is integral and subtle. 

Inside, the patented Isuzu look 
continues, with a wraparound binna- 
cle, rocker switches for lamps and 
wipers, and devices lining the instru- 
ment-pod edges so they can be oper- 
ated without removing your hands 
from the steering wheel. The fabric 
selections, plastics, and color match- 
ing are pretty good, and the instru- 
ments are interesting to look at. 

The Isuzu is spacious enough so 
that a six-foot-three-inch person 
wearing a baseball cap has rear-seat 
head clearance—a rare quality espe- 
cially for an economy car. But the 
Stylus’s interior lacks knobs for ad- 
justing the rear-view mirrors and a 
conveniently located trunk release. It 
also has a sharp edge on the turn-sig- 
nal stalk, a control that the driver 
will touch tens of thousands of times 
before the sharp edge has worn off. 

The performance of the Stylus’s 
1.6-liter 95-hp engine was dulled by 
the automatic, taking 12.3 seconds to 
accelerate from 0-to-60 mph, but 
more importantly, the automatic was 
a downright inhibitor on the open 
road. The three-speed, lacking an 
overdrive range and operating 
through a 3.53:1 final drive ratio nec- 
essary to extract any performance 
out of the small-engine/automatic 
combination, makes for high-rpm 


cruising; this generates noise. Above 
70 mph, the noise starts to increase 
exponentially, thereby taking away 
some of the enjoyment of the open- 
road experience. The five-speed man- 
ual version would be about 800 rpm 
better in this respect. But even the 
automatic is rated at 28 mpg in the 
city and 33 mpg on the highway by 
the EPA method, so there’s not much 
of a fuel penalty. 

The striking-to-look-at Isuzu 
Stylus didn’t perform particularly 
well at the proving grounds, finishing 
at the back of the pack in the slalom 
and lane-change. During the high- 
speed lane change, the Stylus man- 
aged to get six inches of daylight 
under the right rear tire. It was un- 
predictable at times; lifting off the 
throttle in a corner, for example, 
threatened to put the back end in 
front of you. In the just-driving- 
around mode, though, the perfor- 
mance was on par with the Plymouth 
Sundance and the Nissan Sentra. 


Weighty frame 


The all new Nissan Sentra GXE 
represents the state of the art in the 
loaded small-sedan segment: a heavi- 
ly equipped four-door notchback with 
an entirely conventional but pleasing 
exterior design and a solid power 
train, with 1.6 liters, 16 valves, anda 
four-speed automatic. 

Of the four vehicles in this varied 
group, the Sentra qualifies for “little 
limousine” honors. For openers, the 
engine produces a nifty 110 hp, out- 
stripping every base engine in the 
class for power. Nissan uses four 
valves per cylinder, variable valve 
timing, tuned induction, and elec- 
tronic fuel injection to generate such 
horsepower. Consequently, the engine 
is expensive and complex. The GXE’s 
$13,210 base price includes air condi- 
tioning, power windows, locks, and 
mirrors, a split fold-down rear seat, 
alloy wheels, and an audio system, 
along with a host of other small items 
and niceties. The only extra the test 
car carried was antilock brakes for an 
additional $700. 

But here and there the limousine 
images start to blur and drift. While 
the Sentra GXE is nearly as big as 
the Sundance on the outside and 
weighs in at 2,551 pounds, it is small 
inside, at only 83 cubic feet. But the 
interior trim, the quality of the mate- 
rials, and the excellent instrumenta- 
tion layout handily compensate for 
the lack of space (however, the car 
does not lack spaciousness). In addi- 
tion, the GXE registers a mere 42 
decibels at idle and a serene 67 deci- 
bels while cruising at 60 mph, far 


better than any of the others in this 
group. 

Part of the reason for the Sentra's 
quiet manners is a new front end un- 
der the slippery sheet metal, one that 
for the first time incorporates an iso- 
lated subframe. The subframe, in 
turn, mounts the suspension—Mac- 
Pherson struts with new offset coil 
springs in the front—and a tread 
that's 10-millimeters wider than the 
old car. The subframe front end 
mates with new rear-suspension link 
mounts and larger anti-roll bars in 
the front and rear for a better ride. 
The steering rack has been lowered 
for better high-speed and rough-road 
handling, according to Nissan. 

The Sentra four-speed automatic 
transaxle performs about the same as 
the Stylus in acceleration (a leisurely 
jaunt from 0-to-60 mph takes more 
than 12 seconds), but it is a solid, sta- 
ble platform that did well in all of the 
handling areas, moves around quietly 
with good suspension isolation, and 
still manages excellent ratings (27- 
mpg city/36-mpg highway) from the 
EPA. 


There are about 50 small cars to 
choose from now, and this foursome 
certainly points out the diversity of 
the market. The Plymouth Sundance 
America transport module has lots of 
usable room, but it is plain and 
unrefined. The Isuzu suffers from 
some of the same ergonomics prob- 
lems as the Sundance: People don't 
fit well into the interior scheme, with 
its huge, deep instrument panel and 
relatively high side windows. But if 
it's high style you want in a small car, 
the Stylus has plenty of that, inside 
and out, and good basics. Would that 
it handled with as much style, at a 
lower price. 


The bottom line 


The Sentra GXE is yet another ex- 
ample of a quick turnaround from 
Nissan, which has been coming on 
with a stream of new products for 
more than two years. It looks good, 
handles well, has a sporty and an ef- 
ficient interior design reminiscent of 
the great Datsun 510, and gets great 
mileage. Other Sentra models, from 
the 140-hp SE-R coupe to the XE 
sedan, offer the same basics and less 
luxury for less money. 

The Tercel DX doesn't have quite 
as nice an interior as does the pricier 
LE, but the finish quality of every- 
thing on the car is excellent, the en- 
gine is as solid as granite, and the 
platform is extremely stable during 
quick maneuvers, which means it's 
fun to drive. And that still counts, in 
all classes, from cheap to chariot. us 
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etry of C-60 came in April 1991, when 
chemist Joel Hawkins and colleagues 
at the University of California at 
Berkeley published the first X-ray pic- 
tures of the molecule’s crystal struc- 
ture (see The Buckyball Lives). 

Meanwhile, researchers have found 
even more curious and potentially 
valuable properties of buckyballs. In 
April, scientists at Bell Laboratories 
in New Jersey planted potassium in 
buckyballs and found that they be- 
came superconductors at a tempera- 
ture of minus 427 degrees F. That’s 
the highest superconducting tempera- 
ture of any organic compound, and it 
opens a whole new field of buckyball 
research. 

In California, Whetten fired bucky- 
ball molecules into a stainless steel wall 
at 15,000 miles an hour. They bounced 
back unharmed. “It’s resilient beyond 
any particle that’s been known,” Whet- 
ten says—resilient enough, maybe, to 
be used as rocket fuel, which must with- 
stand enormous pressures. 

Arthur Ruoff, who works in high- 
pressure materials science at Cornell 
University, has made theoretical calcu- 
lations that show buckyballs to be far 
stiffer than diamonds at moderate 
pressures, although they are “mushy” 
at atmospheric pressure. He believes 
this property could be a way to extend 
the range of high-pressure research. 
So-called “diamond anvils” are now 
used to create pressures of four million 
atmospheres. Ruoff is thinking about 
putting the material to be tested inside 
buckyballs to achieve even higher 
pressures. 

Aboriginal particles? 

That’s just the beginning, says 
IBM's Bethune. “This molecule looks 
like something some genius engineer 
sat down and designed...There's the 
possibility of making molecular 
Christmas trees. We can decorate 
them with all sorts of functional 
groups. It's a Swiss army knife of a 
molecule." 

This flexibility may have given the 
C-60 molecule a primal role in the 
formation of matter as we know it. 
Smalley speculates that buckyballs 
may not only be among the most com- 
mon molecules in the universe, but 
among some of the oldest, if they 
were indeed created in the seething 
heat of red giant stars 10 to 20 billion 
years ago. And because they are large 
enough to collect smaller particles in 
collisions, perhaps they served as the 
primordial nuclei around which the 
first solid objects coalesced: inter- 
stellar dust particles, then rocks, as- 
teroids, comets, and the planets 
themselves. us 
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ically. You then instantly transfer the por- 
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child can operate. But the profits aren't 
kid stuff... All the money and the profits 
are 100% yours. You start pocketing the 
money the moment you set-up in 30 min- 
utes or less. Its portable. It's not a fran- 
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It's ideal for families, singles, partners or 
absentee owners. 


There is no need to leave your present 
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Exploring Earth's dimate 
[Continued from page 73] 

in the air, but also, based on its iso- 
topic signature, what the source was. 
“We carbon date the core by using car- 
bon dioxide that's trapped in the bub- 
bles," says Alexander T. Wilson of the 
University of Arizona in Tucson. His 
unique technique for recovering carbon 
dioxide from the ice is more efficient 
than the standard methods of crushing 
the ice to release the gas. The latter 
technique requires 30 to 40 pounds of 
ice for one radiocarbon-dated sample, 
an amount not easily obtainable, espe- 
cially from great depths. 

Wilson uses a different approach: 
Glass vacuum tubes and heat lamps 
change solid ice directly into gas 
without any melting. Water vapor 
and carbon dioxide are collected in 
separate cold traps and held at the 
temperature of liquid nitrogen. This 
technique, called ice subliming, uses a 
six-or-seven-pound sample of ice and 
traps all the carbon dioxide that can 
possibly be recovered. 

By looking at trace metals in the ice, 
some researchers hope to determine 
the significance and frequency of large 
meteor strikes on Earth. Ed Bayle of 
the Massachusetts Institute of Tech- 
nology in Cambridge searches for iridi- 
um, an element found in extraterres- 
trial material. *For every analysis we 
do, there are ten more we could do," 
says Mayewski. 


Eliminating the guesswork 


"To understand how climate works, 
we have to consider everything: the 
oceans, atmosphere, cryosphere [ice 
systems], all the biological activity on 
the planet,” Morrison says. “You could 
compare it with the human circulato- 
ry system. Once we understood how 
the heart and lungs were related, we 
could predict how a person's body was 
going to react under changing condi- 
tions. We need this same capability to 
understand the climate system." 
That's one of the fundamental goals of 
GISP2. 

To help verify the GISP2 data, a 
European camp, pitched just 30 miles 
away from the American one, is gath- 
ering a similar record. “If we get simi- 
lar results, it will validate our work," 


:says Mayewski. And though competi- 


tion could arise, the two camps get 
along fine. They plan to publish joint 
papers and to share samples if some 
should become lost or contaminated. 
Both camps know life on the ice 
can't be all work and no play. Last 
season, some workers carved out a 
golf course on the ice sheet, while oth- 
ers played volleyball. “But we had to 
use a leather ball,” says Morrison. 
"The plastic ones don't last ten min- 
utes. It's too cold." us 


SERIOUS ABOUT THE 
WEATHER? NOW YOU CAN 
AFFORD A PERSONAL 
WEATHER STATION! 


The new WeatherPro weather station gives you 
the local weather at your fingertips. Fasy to install 
and simple to operate, the WeatherPro Includes a 
Weather computer, remote precision wind direc- 
tion vane, win speed sensor, external temperature 
probe, mounting hardware and 40" of cable-ail for 


only $189! » 
*WIND SPEED. *WIND GUST 
* TEMPERATURE *WIND CHILL 
*WIND DIRECTION «ПМЕ 

* TEMPERATURE НИО) *AUTO SCAN 
*RAINFALL (OPTIONAL)* YEAR WARRANTY 


*14-DAY MONEY-BACK GUARANTEE 


DIGITAR WEATHERPRO 
WEATHER STATION: ONLY $ 189! 

ORDER TODAY:1-800-678-3669, Ps 
M-F 7AM-5:30 PM Рас 


Time 
je-$49.95 
sales tax. 
БА 

© 


Build Your Own Home or Business by 
Capitalizing on the Exploding Growth of 
Steel Framing in Residential Construction 

Experts Agree, the Potential for Stee! 
Framing in Today's Residential Construc- 
tion Market is UNLIMITED, and _ 
Expanding Rapidly. 

Join the Industry т 

Leader... 1 

Tri-Steel Structures. 


it's Easy to Start with: 
* Flexible Dealer Programs 


Tri-Steel Homes feature: 
* Fast, Simple Frame Erection 
* No Franchise Fees * High Strength & Durability 
* Financing Available * 9' Thick R-30 Insulation 
* Extensive Hands-On Training * Fire & Termite Resistance 
+ Technical & Sales Support * 100 Models or Custom 
* Exclusive Territories. Designs Available 
Available * Flexible Clearspan Interiors 
* Much, Much More. * Much, Much More. 


Lu (Т) 


TiSteel 
P 


(817 497-7070 Fax (817) 497-7497 
5400 S. Stemmons Frwy., Denton, ТХ 76205 


zw 


The anybody bike 
[Continued from page 59] 


you'd expect it to be the other way 
around, but it isn't. We noticed years 
ago in our manufacturing operations 
that wet Kevlar strands coming out of 
a washing process were wearing out 
metal rollers much faster than dry 
strands did." 

Husted speculates that "the water 
molecules may set up a viscous shear 
force between the band and the rim, 
creating drag that more than offsets 
the water's lubricating effect." Hoiness 
views this as a plausible explanation 
that may eventually be confirmed 
through lab research. 

What accounts for the low rate of 
wear seen in the band and the rela- 
tively soft aluminum wheel, both of 
which are exposed to road grit? “One 
of Kevlar's properties is that it wears 
extremely slowly" explains Hoiness. 
“In its woven form, the Kevlar's wear 
surface continuously wanders across 
the aluminum as the fibers in the 
jacket rub against each other. The re- 
sult is that it polishes the surface of 
the metal rather than abrading it. I 
suspect that bits of dirt from the pave- 
ment also tend to work their way be- 
tween the fiber strands where they 
stay out of contact with the aluminum 
rim." 

Husted designed a one-size-fits-all 
frame for the Yankee. Its low top tube 
alleviates anatomical anxiety when 
climbing on and dismounting. High- 
rise handlebars that can be angled 
across a 16-inch range and an extra- 
long quick-release seat post make the 
bike adaptable to riders ranging from 
five feet to six feet five inches tall. 

The bike uses low-rolling-resistance 
tires mounted on 24-inch wheels (27- 
inch wheels are the racing-bike norm), 
which permit a short wheelbase for 
quick steering response. As a result, 
the Yankee can move slowly without 
evoking in the rider that familiar sen- 
sation of being just on the threshold of 
falling off. At the same time, the front 
fork has a large enough rake angle to 
ensure stability at high speed and over 
bumps. 

In a crowded field, as the bike mar- 
ket has become, it will be interesting to 
see how the Yankee fares. Says Mur- 
phy of the Bicycle Dealers Association, 
"Royce has got good designs, but he's 
going to have to develop his own niche 
in the bike market to succeed with the 
Yankee." 

Technology sages have described the 
bicycle as one of mankind's most useful 
and efficient inventions. Based on the 
response to our six-year-old article, 
many people agree and just can't forget 
news about a genuine improvement to 
the machine. The Yankee bicycle incor- 
porates at least two of them. 


m 


кш FREE WATER! 


Drink. Bathe. Splash. Water the garden. Wash 
the car. Do the laundry. Scrub the dog. Give the 
lawn a drink. Fill the pool. There's no limit to the 
wonderful things you can do when you have your 
own private water system and no water bills. 


Thousands and thousands of happy gardeners and 
homeowners have discovered the Hydra-Drill secret. 
They drilled their own wells and their gardens prove 
it! You can, too. Call or write us today and we'll send 
you a big, free package of information about drilling 
your own well with the Hydra-Drill. 


Call Toll-Free 
1-800-333-7762 


(Ask for Operator 7289) 
Also, ask about our “How To...” videotape! 


‘Coupon and Mail Today! 
тии шш шш шш шш 


I 7289 Anderson Road 
Opelika, AL 36802 


О ves! Mail to me the FREE INFORMATION PACKAGE 
and the illustrated guide HOW TO DRILL YOUR OWN 


WATER WELL. 
І 


1 Print Name 

= 

i Стуба 
| 


Model #У-2010 $59.95 
Shipping 


IF YOU RENT 
MOVIES THEY'RE 
4 JAMMING YOU TOO! 


When playing back a rented movie, you may 
notice annoying flashes, streaks, color 
lightening and darkening. 

w^ This is caused by Macrovision сору 

protection jamming embedded in the video. 

The Video-2010 will spot and completely 

eliminate Macrovision and all current forms 

of copy protection, giving you a crystal clear 


picture. “ 
кш "e 
Ed 

È M.D. ELECTRONICS 


875 SO. 72nd St. 2 
> Quake NESSIE 


775 
КОЛОЛУУ 
RA 

SAAS Order Toll Free 


1-800-624-1150 


Call for your FREE CATALOG 


(402) 554-0417 


a 


Highest Quality 

3 Year Warranty 

30 Day Money Back Guarantee 

Battery Included 

Durable Metal Case % 
ә; ч Seen os 

Works on all VCR's, TV's, Cable, Beta «ы? 


Mood Mizery 


World's Largest Manufacturer of Portable Sawmills 


Own а 
Sawmill! 
Start a Profitable 


Business! 
Save money cutting 
your own lumber, 
make money 
cutting for г] 
others. EA 
о 


- 80 -553-0219 


32 Page Full Color Catalog - $2.00 
66-minute demonstration video-$10.00 


EASY TO BUILD — FULL KIT ASSEMBLIES 
егСаг or Visa accepted 


1-800-800-0608 Ext. 2201 | 8180 Ат Street * Dept. Еб 


E58 
AMERICAN CLAS! CORPORATION Indianapolis, Indiana 46214-2400 
93 NP Avenue, Fargo, ND 58102 | 


FUN 
TO OWN! 
Free Brochures! 
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Shoppers' Showcase 


advertising rates for this section, write or call Diane Pahl, Direct 
Response Manager, Poputar Science, 1000 Town Center, Suite 
1830, Southfield, MI 48075; (313) 350-3800; fax # (313) 350-3557. 


A selection of products and services for POPULAR SciENCE readers 
are available directly by mail. Enjoy the fun and convenience of mail 
order shopping. Please order directly from the advertiser. For 


THE "GREAT DEAL" CATALOG 


1-800-729-9000 


ORDER TODAY! 


DELUXE WIRELESS 
SECURITY SYSTEM 


4 CHANNEL FM 
WIRELESS 
INTERCOM SYSTEM 


XT COMPUTER WITH 
РНОТЕК | 20MB HARD DRIVE & 
* IBM compatible. 14” CGA MONITOR 
* NEC V20 CPU running - 
at 12MHz, 
* Selectable turbo/normal 


novi ic. 


* Includes 
controller with 
inside siren, 


* No wires between. 
intercoms; plugs into any 
AC outlet 

* 4-channel operation. 

* Stalic free reception 
up to 1500 ft. 

* No installation required. 

* High fidelity sound. 

* Phase Locked Loop 
circuitry. 

* "Call" pages 
another room. 


* ULL. listed, 

* Unit dim.: 7-3/16" x 
5-1/2" x 1-1/4", 

* Model #: WI-4C. 

* One Yr. Parts, 90 Days 
Labor Mfr. Warranty! 

+ Factory New! 


Mfr. Sugg. Retail: $99.99 
DAMARK 
PRICE: $ 49 99 


Пет No. В-3501-169499 S/H $6.50 


outside siren, 

1 yard sign, 

2 window stickers, 

complete hardware and 

batteries. * Detects intruder 

during entry. • Tamper 

resistant. * Lamp command 

flashes lamp upon intrusion. 
* Signal relay-relays Mtr. Sugg. Retail: $698.00 


itry ser ги: 
тое" PAMARK $ 1 QQ 99 


area of your home 
controller. Нет No. B-3501-163661 S/H $15.00 | « Set of two. 


[El вопашеп] SUPERSLIM 286 LAPTOP WITH 40MB HARD DRIVE 


If you work at a fast pace, you'll want to be 
ahead of the competition with this dis- 
counted Superslim 286 Laptop! Whether 


Piercing 120 dB outside 

n. * B5 dB alarm on 
inside siren. * Fail-safe 
battery back-up. * Two Yr. 
Warranty. * Factory New! 


1 15"W x 6.3/4"H 


you're traveling or working at the office, 
this super lightweight 286 laptop is easy 
to take along yet sports advanced features 


ata price you can afford! 
* B0286 micro-processor operating at 12MHz. 
* Landmark speed test 16MHz. 
* 1MB RAM expandable to 2MB. 
* 40MB Conner hard drive with super fast 
1:1 interleave factor. 
* 1.44MB 3.5" floppy disk drive. 
* 10.5" super twist nonglare LCD screen. 
* Removable rechargeable Ni-Cad battery pack. 
* 81 keys, full stroke keyboard. 
* Built-in rechargeable battery. 
* Two RS232 serial ports. 
+ Centronics parallel port. 
= СВІ video port. 
= Included software: MS-DOS 3.3, GW-BASIC 3.22. 
*Dim.: 13H x 12.2°Wx22°D. 


* Model #: VDV100. 
* One Yr. Mfr. Warranty! 


* Weight: 7.61 Ibs. 
Model #: B310-20. 

* One Year Limited 
Distr. Warranty! 

* Factory New! 


Mfr. Sugg. Retail: $3,695.00 


"es ООО з 


Пет Мо. B-3501-168232 S/H $19.00 


speeds, 4.77/12MHz 
switchable, * 20MB hard 
drive, * 640K RAM 
‘expandable to 1MB. 
~ 5-1/4" floppy disc drive. 
* 14" CGA monitor, 
tilswivel base. 
* B expansion slots; 
7 available. * Parallel роп. 
* Hard and floppy controllers * CPU di 
supporting 2 floppies, x 163/8 
2 hard drives. * One Yr. Mfr. Warranty! 
*Phoenix 64K ROM BIOS. + Factory New! 
“+ Full size 101- 
lc КУ мп. Sugg. Retail: $1,306.00 
* Includes Spinnaker DAMARK $ 99 
8-in-1 software, PRICE: 
DR-DOS ver. 5.0. 
„моде! #: PT-1222, Item No. B-3501-181833 S/H $49.00 
VIDICRAFT | VCR WIRELESS 
Lmesmeesson TRANSMITTER & 
of your VCR or 
cable programming 
from one TV to 
another. 
‘Interfaces with all 
camcorders, VCRs, 
satellite receivers 
and tuners with 
either RF cable or 
RCA audio/video 
connectors. 
* Range: 100 feet. 
* Directionally 
tuneable antenna for 
fine tuner adjustment. 
* Video/audio output jacks. 
* Set inclu * Factory New! 
-transi r, 1-гесемег, 
UHF antenna loop, AF | Mfr. Sugg. Retail: $129.95 
cables, RCA A/V cable 
Pueri. сал $ ДО) 99 
* U.L. listed. 
«РСС approved. Нет No. B-3501-181854 S/H $5.50 
r — — 


FOR FASTEST SERVICE CALL TOLL 


1-800-729-9000 


CUSTOMER SERVICE: 1-800-733-9070 


| МАМЕ 
ADDRESS 
| сту 
PHONE 
Check/Money Order — Visa — 


STATE ZIP. 


EXP. DATE 


SIGNATURE. 
з= TO: DAMARK INTERNATIONAL, INC., 7101 Winnetka Ave. N., Mpls., MN 55428-1619 Copyright 1991 DAMARK INTERNATIONAL, INC. All rights reserved. | 
шыш ee ee шшш 
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Master Card. Discover. CARD NO. 


Make ‘25to*100 per ho 
with Badge AM 


y and 


BADGE-A-Minit Dept. PS891, 348 North 30th Rd., Box 800. 
LaSalle, IL 61301, Phone 800-223-4103 


Make and Sell Your 
Own Ornamental > 
Concrete Items! 

Book about Aluminum Molds 
including over 425 designs. 
prices and production trade 


secrets from the world's 
largest mold manufacturer 


CONCRETE MACHINERY CO., INC. 
Р.О. Box S99, Hickory, NC 28603 


‘PROTECT YOUR VALUABLES! 


The TRACE MARK im- 
presses your identifica- 
discreetly and 
ntly in most 
firm surfaces. Magnifi- 
cation reveals a clear 
impression for positive 
1D. Recommended by 
police and insurance 
Companies for: 
*cameras • jewelry 


A Unique Gift нет * electronics • firearms 
* etc. 


MICROSTAMP CORPORATION 
£m Walnut St. Tel. (818) 793-9489 


Pg lena, CA 91107 Fax. (818) 793-9491 
800-243-3543 


FREE CATALOG! 1-800-648-7938 
JERROLD HAMLIN OAK ETC 


CABLE TV DESCRAMBLERS 


pecial Dealer Prices! « Compare our Low Retail 
Prices! © Guaranteed Prices & Warranties! 

* Orders Shipped Immediately! VISA/MC OK! 
REPUBLIC CABLE PRODUCTS, INC. 
4080 Paradise Rd #15, Dept. 521 Las Vegas, NV 89109 
For al oer information (702) 362-9026 


Chop Heating Bills To 
Almost Nothing! _ 


Enjoy independence, 
economy & comlort of 
whole house wood or coal 
heating with дав, oil or 
cleciric standby: W's a cena 
heating system, nota stove. 


AXagle Dep pssors 772222904 


РО Вох 130894, 2000 W. County Rd. B2, Roseville, MN 55113 
Name 


Address 
City р 
Zip. 


KITFOX 


Fly The Kitfox . . . 


BUILD YOUR OWN AIRPLANE! 
2 SEATS 


Kitfox is sold as a complete kit. It's 
the world's finest aircraft kit. A com- 
prehensive builder's manual leads you 
step-by-step through construction . . . 
Quickly. 

Wings fold in two minutes for garage 
storage. Kitfox is fun flying at its best. 
Floats, skis and tundra tires are avail- 
able. Uses auto gas. Take off: 75, cruise: 
90 mph, land: 27 mph, rollout: 150° 

Complete information: $10; video: 
$15 ($20 USD overseas). MC-VISA-MX. 

Denney Aerocraft Company 
100-G N. Kings Road, Nampa, ID 83687 
Phone (208) 466-1711 
FAX: (208) 466-7194 


because you can't 
get a credit card? = 


Our Bank 

Can Help 
Even If You — 
Had Previous 
Credit Problems! 


cai 1-800-368-85 

24 Hours any day for your 
FREE VISA® or MasterCard« 
application. 


Easier credit approval is possible 
because you open an interest bear- 
ing Savings Account with our bank 
as initial collateral for your card. A 
minimum security deposit is required. 


Callanytime TODAY for your FREE 


application! 
КЕ 


KEY FEDERAL SAVINGS BANK 
Havre de Grace, Maryland 


Recycled Paper 


Factory Direct 
Clocks a Furniture 


Also Assembled 
and Finished 


W Grandfather Clocks, 
Mantel and Wall Clocks 


WCurios, Tables, Chairs, 


W Solid 3/4" Black Walnut, 
Cherry, or Oak 


W Heirloom Quality 


W Solid Brass West German 
Movements and Dials 


W Money Back Guarantee 


lam 


a a Bo! iy Vourselt Kits 
О Finished Clocks 
О Finished Future 


оо [ 


Words Lage avo a coe, эг Clock Kits 
eet 10 
Fairhope, Alabama 36586 M Phone 1205 008-2316 


FIBERFAB INTERNATIONAL, THE COMPANY THAT 

LEADS IN PRODUCT ENGINEERING AND INNOVA- 
TIONS, OFFERS THESE EASY-TO-ASSEMBLE 
REPLICAS. CREATE YOUR OWN AUTOMOTIVE 
LEGEND TODAY AND MAKE YOUR DREAM A 
REALITY. For more information and a Complimen- 
tary Color Brochure write Fiber 


fab International, 
6807 Wayzata Bivd., Minneapolis, MN. 55426 or 


£^. 1-800-328-5671 


In MN (612) 546-7336 — 957 
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SAVE $$$ VACUUM HAIRCUTTER 


|Never need a barber again, 
[Does all styles, all lengths. 
Tapers, feathers, collects clippings, 
| Great haircuts with ease. Thousands| 
[use it world wide, from Egypt 


to Japan. MADE IN USA. 

As seen on TV but improved 
and at 30% savings 

Full money back guarantee li 
Mail today $49 $99 (add $5 55һ\ 
to: Robocut Co. POBox 9596, Fort Collins, Co 80525 
or call now 800 825 0139 with VISA / MC. 


Control Water Weeds 


Amazing new Underwater Harvesting Toól! 
the WATER-WEEDER™ Harvester 


“Works just like a 
hedgetrimmer underwater". 


Cut aquatic vegetation from a boat, from a dock 
or simply by wading in from shore. Control weed 
growth the environmentally safe way. 
Satisfaction Guaranteed or money back! 
Call or write today for FREE information package. 
TOLL FREE 1-800-552-1217 


Waterside Products Corp. 
РО. Box 876, Lake Mahopac, New York 10541 


WOOD FURNACES 
HEAT YOUR ENTIRE HOME 


Call 1-218-326-6786 or Write 
Charmaster® 


GRAND. RAPIDS, MN 55744 


LEARN VCR 


CLEANING/MAINTENANCE/REPAIR 
EARN UP TO $1000 A WEEK, WORKING 
PART TIME FROM YOUR OWN HOME! 


THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 
ү you are able to work with common small hand 
tools, 
IF you possess average mechanical ability, and have 


а VCR on which to practice and learn . . . 
teach YOU VCR maintenance and repair! 

FACT: up to90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO-MECHANICAL 
breakdowns! 

FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 

Viejo's 400 PAGE TRAINING MANUAL (over 500 
photos and illustrations) and AWARD-WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair—‘‘real-world” information that is NOT 
available elsewhere! 

Also includes all the info you'll need regarding the 
BUSINESS-SIDE of running a successful service opera- 


tion! 
FREE INFORMATION 
CALL TOLL-FREE 1-800-537-0589 
Or write to: 
Viejo Eee 
5329 Fountain Avi it. PS 
Los Angeles, CA A 00028 


then we can 


ATTENTION OIL FURNACE 
OWNERS HIGH EFFICIENCY 
TECHNOLOGY CUTS OIL 
HEATING BILLS 30% TO 45% 


The MAGNUM 99 will cut your heating 
bills dramatically, and squeeze more 
usable heat out of үү gallon. 
It extracts heat from ой 
95% efficiency rating. 

* Uses PVC plastic vent pipe 


* Perfect for replacing electric 


at an amazing 


heating or older oil furnaces 


YUKON 


‘Send for more information or 
call 612-633-3115. 


l| Yukon Energy Corporation, Dept. PS91M-H 
| 378 W. County Rd. D., St. Раш, MN 55112 


CABLE TV 
DESCRAMBLERS 
оу т^ эш 7. 90 | 
Jerrold (Туре) 58-3 89.00 56.00 48.00 | 
Jerrold (Туре) FTB-3 99.00 69.00 54.00 
Scientific Atlanta SA-3 99.00 69.00 54.00 
Hamlin MLD-1200 99.00 50.00 45.00| 
Oak N-12 99.00 59.00 58.00 
Tocom 5501 169.00 139.00 125.00 
Eagle PD-3 119.00 64.00 60.00 


COMBINATION UNITS 
Jerrold (Type) DRX-3DIC 169.00 109.00 89.00 | 
Jerrold (Type) Starcom 6 279.00 239.00 209.00 
Scientific Atlanta 8535 229.00 209.00 199.00 
Scientific Atlanta 8580 299.00 269.00 259.00] 
Oak M35B 99.00 59.00 49.00 | 
OTHER TYPES ARE OFTEN AVAILABLE | 
* We specialize in 
large quantity discount 
* Call us for pricing 
on 50 and 100 lot 
* We will not be undersold 
on large quantities 
* Please have the make and model 
number of the model you need when 
calling for information 


K.D. VIDEO 


P.O. Box 29538, Mpls., MN 55429 
TOLL FREE 1-800-327-3407 


Free Catalog 


SUNDIALS 
WEATHERVANES 
WEATHER INSTRUMENTS 


Wind 
& 
Weather 


(707) 964-1284 
P.O. Box 2320-PS, Mendocino, CA 95460 
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1500 sq.ft. home plans & fully engineered 
connecting hardware— $3250. Complete pre- 
cut kits and a variety of floorplans available. 
Attractive, easy-to-assemble, energy-efficient 
New 40-page color catalog & more—$12. 


Ам TIMBERLINE GEODESICS 


2015 Blake St., Berkeley, СА 94704 1-800-DOMEHOME 


CABLE TV 
DESCRAMBLER LIQUIDATION! | 


FREE CATALOG! 
Hamlin Combos $44, Oak M35B $60 (min. 5), etc. 


WEST COAST ELECTRONICS 
For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 


TELESCOPES? WHY PAY MORE FÜR LESS? 


8' Astronomical Telescope Complete 
Ready-to-use. Only $275. Other sizes 
available. Send for free 34-page packet & 
telescope tester. 


COULTER OPTICAL, INC. P.O, Вох К, Dept. P.S. 
Idyllwild, СА 92349 Phone (714) 659-4621 


New Subscribers... 


Up-to-date hobby news 
lestoration tips 
* New buy/sell ads weekly 
Send payment to: OLD CARS ө 700 E. State St. e lola, WI 54990 


BUILD YOUR OWN 
GEIGER-COUNTER 
EASY & INEXPENSIVE! 


FOR INFORMATION SEND $10 
GC-INFO 
4710 U.WAY М.Е. #405 
SEATTLE, WA 98105 


FREE CATALOG! 1-800-345-8927 
JERROLD HAMLIN ОАК ETC 


CABLE TV DESCRAMBLERS 


* Special Dealer Prices! e Compare Our Low Retail Pri 
* Orders From Stock Shipped Immediately! 
* Guaranteed Warranties & Prices! « All Major Credit Cards 


PACIFIC CABLE CO., INC. 
7325% Reseda, Dept. 1 leseda, CA 91335 
Когай oiher information 1-818-709-9097 


REMOVE VOCALS 
FROM RECORDS AND CDs! 


SING WITH THE WORLD'S BEST BANDS! 
An Unlimited supply of Backgrounds frorn standard 
stereo records! Record with your voice or perform live 
with the backgrounds. Used in Professional Performance 
yet connects easily to a home component stereo. This 
unique product is manufactured and sold Exclusively by 
LT Sound - Not sold through dealers. Call or write for a 
Free Brochure and Demo Record. 
LT Sound, Dept. PS-4, 7980 LT Parkway 
Lithonia, GA 30058 (404) 482-4724 
Manufactured and Sold бүтү! LT Sound 
24 HOUR PHONE DEMO LINE: j482- 2485 


each 4.4 million readers every month with an ad in Popular Science 
lassified Opportunity Mart. October '91 issue deadline (on sale 
ept. 10th) is July 18th. Rates: $11.25 per word. Minimum ad 10 
ords. Darker type (bold) words $1.00 per word extra. Display 
lassified: $625 per inch. Payment with order, or charge your Visa, 
lasterCard, American Express or Diners Club account (give number 
^d expiration). Advertisers using box number in ad must furnish name 
nd street address for our records. Send order and remittance payable 
» POPULAR SCIENCE, Classified, 2 Park Avenue, New York, NY 10016. 


Blassified Opportunity Mart 


Popular Science reserves the right to refuse any advertising order. Only 
publication of an advertisement shall constitute final acceptance for 
continued publication. All orders are subject to the applicable rate card, 
copies of which are available upon written request sent to the address 
provided. 


For advertising information call Dorothy Ellis or Anne Rosenthal, 
Classified Advertising Representatives 800-445-2714/212-779-5163. 
Fax #: 212-779-5568. 


ГОР JAMMIMG ME 

you rent vidco tapes they're 
jamming you too. 

en playing back rented movies you will notice 

[oying Dashes, streaks, jitters ect. This is caused 


INTRODUCING . ... 


jamming 
} Video-2010 will spot and completely eliminate 
‘crovision and all current copy protection and 
ming giving you a crystal clear picture. | 


garanteed eliminates all copy protection] 
тре tomatic no adjustments. 


igital state of the art. 


The Global CONTAINER-PAC System. Ва this 
"aique component ssiem using standard ^vi 
and prev The standard unt can be custom. 


JAMMED PARKING METER RELIEF 


Peer try to put money in а parking mer only to find that its 
jammed and you cant find а рат and paper to write а noie? 


Just reach for TICKET-STICK-ITS! 


TICKET STIOKITS are small lightly wed "METER BROKEN 
stickers in “violation orange” that el the meter mad to moe on 
to someone ele. Ge some for your glare compartment hav? 


Fora packet of 12 TICKET-STIOG ITS just send $200 o 


Medifax Printing, Inc. 
P.O, Box 2498, Cambridge, МА 02248 


Fach additional dozen only $1.50. 
көтөн Tod gs TKRETSTIO FI эл rad vmi a a ou 


'orks on all TV's, VCR's, Beta, Cable. 
Fi Order toll free РЯ 


1-800-624-1150 


all or write for your free catalog 
402. 2554-0383 


(CLE VLC SUPERBOW: 
> ARciitty WORLD USA. 


таи e meet ТОШТУ Пу» и Paderb Vs orabat 
н Меат р, 


DESCRAMBLERS 
BASE BAND 


$399.00 


l'LL HAVE MINE 
DESCRAMBLED 


Starcom 7 


DQN7V — 312000 548580 5299.00 
ТЕІМОРЕ $9500 583 374.95 
ZENITH 1612 $249.00 PIONEER — $395.00 
DQN7 399. 
MANY MORE. . .CALL OR WRITE FOR 
FREE FAST INFORMATION. 1f you find a better deal, 


YOUR BEST BUY'S & WARRANTIES FOR We'll beat it! JERROLD » 


fra sks oat moy тш rt 


зд m. E mp 09 If you find a better deal, We'll 


beat it! JERROLD * TOCOM + 
HAML OAK * SCIENTIFIC 
ATLANTA •2Е 


ГН ask about 
Our warranty prog s 
М/С, 


У 1464 Gamer St 
Raleigh, NC 


CABLE CONVERTERS AND DESCRAMBLERS 
START WITH A FREE CATALOG FROM: 


WORLDWIDE CABLE 


. Boca Raton, FL 33487 
айы C CATALOGS CALL 


1-800-772-3233 
EY ORDENING canter Eh Med 


COMPLY ITI ALE STATE AND FEDERAL LA 


ТОСОМ • HAMLIN • OAK * 
SCIENTIFIC ATLANTA • 
ZENITH • ask about our 
warranty program C.O.D. 

Visa, M/C, AM.EX. welcome. 

FREE CATALOG • 
FREE CALL * 
OPEN SATURDAYS 


1 800 562-6884 


VIDEO TECH 
3702 8. Virginia St. 
Ste. 160-304 
Reno, NV 89502 


INCREDIBLE NEW 
CALIFORNIA GO- -PED 
barn 
"ing Be shea in SY 
fale tage Масе» Sage 
ee D Лү 4 JERROLD..$105 PIONEER ..5120 
hida e NEAR QUU qe STARCOM $160 TOCOM....$219 
= tase tome "Ин Mele s OAK 589 HAMLIN —$102 

um epar — d 
E- [ud m tne ius ZENITH......$299 EAGLE 5119 
раар aen SCIENTIFIC ATLANTA ...$120 
Tenn db | EUM -This was my 4th 
бое тош Foot аз opcion PY converter purchase all from different 
THE NEWEST FORI ty 1 sources. Yours is the only one that 

ВЕ THE FIRST ON YOUR BLOCK TO HAVE THIS 
"AMAZING МАСНИ worked. Thanks. Andrew D./Texas 
м d -The best тай order 10 
sale $1.00 TOR BATHS service to date and I place a lot of For 
Ро. BOX orders by mail. Mike $./СТ 

HOBBY м! VESTAL NY 13050 


-Your sales people 


are fnendly. knowledgeable and 


SS 
bove all no high pressure. Larry 
IETEORITES! MICA аа" 
uy * Sell + Trade 
OBERT A. HAAG METEORITES 


24 $5.00 for your 64 page, full-color, brand-NEW 
‘id Guide of Meteorites. Cost refundable with 


28. 27527, Tucson, AZ USA 85726 


Your Best Buy 


[1-800-624-1150 = кей 


And Warranties 
Cable TV Equipment Start 


With A 
T se: o, 


From 


875 50, 72nd S. 
Omaha, NE 68114 


uipment from M.D. Electronics 
ply with state & federal 
f cable TV 


laws check 


M.D. ELECTRONICS 
WON'T LET YOU 


BITÉ THE 
“BULLET” 


WHEN IT COMES TO CUSTOMER 
SERVICE, PERFORMANCE AND 
PRODUCT RELIABILITY 
WE WON'T LET YOU DOWN. 


9 30 DAY MONEY BACK GUARANTEE. 
© 1 YEAR WARRANTY PARTS & LABOR 


1-800-624-1150 
E — — — — — ——— 
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DESCRAMBLER 
CABLE TV д 


RENTING IS FOR BIRDS T 


OWN YOUR OWN — 
CALL TOLL FREE 


1 i -= 


YOU WON'T FIND ANY HOLES IN OUR WARRANTIES 
30 DAY MONEY BACK GUARANTY 
WE CARRY ALL MAJOR BRANDS 
BEST PRICE BEST SERVICE 
MAKE THE CONNECTION 


NU-TEK ELECTRONICS | if 


IFOR MORE INFORMATION CALL 


1-512-250-5031 
NU-TEK ELECTRONICS 
5114 BALCONES WOOD DR. 


#307 DEP. 298 
AUSTIN TEXAS 78759 


(ШУЛ 


AUTOMOBILES 


AIRCONDITIONING MANUAL shows 
STEP-BY-STEP, troubleshooting/repair, so- 
lutions for problems on CARS, TRUCKS. 
Only $15.00; MORNINGSTA\ 
lachen, Ft. Lauderdale, FL. 


RADAR JAMMER EDOM: Elim- 
inate unwanted tickets, legal and easy 
to build, WORKS! Co lañs $10.00. 
FUTURA ENT! Box 33280, 
Suite #340, Austin, PTX 18764. 


PVC PIPE GO-CART 
оерт cation 


PANT TOR Mi 


307 Inter- 


$225 DAILY "CHROME PLATING” 
AUTO PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information 
Chrome, Box 2285, Dept. S, Waldorf, Mary- 
land 20604 


1$ IT TRUE JEEPS FOR $44 
THROUGH THE U.S. GOV'T? FOR FACTS 
» 504-649-5745 EXT. 5-8068 


LANDSAILER А NO POLLUTION! 
р PIANS _ NO GAST 


А НИ LESION 
à ALWUSTABLE SUL 
ЈУ TYO УШУНУ 
AMERICAN 

DETAILED PLANS @ PLANS $15 SAND YACHT 
UE INSTRUCTIONS 7184 HWY 101 YACHATS, OR 97498 


CLASSIFIED OPPORTUNITY MART 


CABLE TV “BOXES” 


WHOLESALE PRICES! 
CONVERTERS • DESCRAMBLERS 
REMOTE CONTROLS * ACCESSORIES 
FROM $9.95!! CALL NOW!! 


—GUARANTEED BEST PRICES— 
—BEST WARRANTIES—COD S 
—IMMEDIATE SHIPPING— 


LAKE SYLVAN 
SALES, INC. 


1-800-800-4582 


PHONE 


1-612-895-9454 


1-800-253-1844 


AUTOMOBILES 


PRECISION ELECTRONIC 


CONTROL SYSTEM 
IMPROVES FUEL ECONOMY 


Construction Guide and 


ED Mercedes, Fords, 
Porsches, Vans, Trucks, houses: Seizures: 
Box 4309-YA, West Covina, CA 91791 


CALL DOCTOR 
DESCRAMBLER 


We ship C.0.D. 
Lowest retail/ 
wholesale prices. 
FREE CATALOG: 
Global Cable Net- 
work, 1350 E. 
Flamingo, Ste 84 
Las Vegas, NV 
89119 

NO NEVADA 
SALES!!! 


1-800-327-8544 


AUTOMOBILES 


HEADLAMP WASHER PLANS Auto- 
matically clean your headlamps as 
drive. Puli plana include drawings, parts list, 
and easy to follow instructions. To order send 
$5.00 to: Main Box 1856, Niagara Falls, New 

fork, 14: 


ICRETS—GAIN THE UP- 
PERHAND WHEN BUYING YOUR 
NEXT AUTOMOBILE. SECRETS RE- 
VEALED BY INDUSTRY EXPERTS. 100 
PAGE REPORT TELLS ALL. $12.00 TO; 
MICROMASS PUBLICATIONS, 4974 N. 
FRESNO ST. # 365, FRESNO, CA 93726 


WHOLESALE AUTOS sold weekly at 
licensed outlets in your state. Call for free 


list. 1-900-329-3667 Ext. 123. $1.95 per 
minute. 


ENGINE TREATMENT. INCREASES 
as mileage 10%. Increases engine life. 
[rj 95+$5.00 S+H. Independent Items, 
P.O. Box 17535, Colorado Springs, CO. 
80935. 


|CRET CARFAX! Buy, Finance, Sell- 
Warranties- Even Free Repairs Guaranteed 
Results! $7.00: 2 Oro Place, Santa Fe, NM 
87505 


VAPOR CARBURETOR TRIPLES 
MPG. Free information. H&A, R2PS Bowl- 
ing Green, MO 63334-9350 


BEST Price For Slick 50 & Tripledge 
ipers. 1-800-747-9713. 


BUILD from simple materials phenom- 
enal economy carburetor. Detailed plans, 
five versions. $20.00 Visa welcome 
902-467-3577. Valley Microwave, Station A, 

River, N.S. Canada BOS 1B0. 


15 THERE SOMETHING YOU 
‘SHOULD KNOW ABOUT YOUR VEHI- 
CLE? Recalls—Factory Service Bulletins. 
1-800-424-8226. 


PRACTICAL FUEL SAVING for Car- 
buretors and Fuel Injection. Free Details, 
Eagle Research Inc., 1-800-663-4758, 1-604- 
424-5402. 


GOVERNMENT SEIZED Vehicles from 
$100. Fords. Mercedes. Corvettes. Chevys. 
Surplus. Buyers Guide. (1) 805 962-8000 
Ext. S-20025 


DRUG SEIZED VEHICLES Dirt 
Cheap Porsches, Mercedes, BMWs, Key 
Publications, PO Box 2554, Goleta, CÀ 
93118. 


21 FUEL SAVING TECHNIQUES 
$4.00. $9.95 CASSETTE AND BOOK- 
LET. 907 Old MONTGOMERY ROAD, 
SELMA, AL 36701. 


AUTO SUPPLIES & EQUIPMENT 


CORVAIR PARTS - over 8000 COR- 
VAIR Parts in 400 page illustrated catalog 
$4.00. Clarks CORVAIR Parts, Inc. Rt. 2, 
Shelburne Falls, MA 01370. 413-625-9776. 


ALTERNATOR Generator Rebuilding 
k. Price: Hedelund, 7505 Barkentine, 
LasVegas, NV. 89128. 


CLEANUP YOUR CAR'S REAREND! 
Innovative NEW product. Don't stick bump- 
er stickers on your car, insert them into the 
BUMPER BILLBOARD. Replace stickers 
when desired. Only $12.95 + $3.00 54 
Innovative Discoveries, #102, 1226 E. Liber 
ty Shores Dr., Gilbert, AZ 85234. 


NEW HEADLIGHT CONTROLLER. 
Rainmate wiper module automatically turns 
lights on/off with your wiper switch. Takes 
the worry out of compliance with state laws 
and dead batteries. Assembled, easy instal- 
lation. $44.95 + $4.50 S/H. DPL Electronics 
Box 430, Baldwin, NY 11510. 


ALTERNATE ENERGY 


FREE HYDROGEN FUEL and OXY- 
GEN from water. Generator uses solar cells. 
Plans and Kit $15.00. Prairie Power, Box 
8291, Edmonton, Alberta, ТӨН 2W6. 


Digital Video Stabilizers, Wire- 
Less Cable Receivers, Miniature 
FM Transmitters , and more. 
Best Warranty's/Buys 
For Your Free Catalog Call 


1-800-835-2330 
Tek402)331-3228 [VISAMC 
Fax 402-592-4745 

Cable Network™ 11111 Mst, 
Dept. PM, Omaha, NE. 68137 


TRACKING DEVICE 
‘Attaches to any vetucle to follow ot find + inexpensiv 
ie to use * Many remotely programmable options 
playback later 
iat transmitter compatible with other systems 
Transoutter: $375 Transmittet/Recetver: $ 


Write or call for info 


2871 Walnut View, SuiteB —— VisuMC 
‘Winston-Salem, NC 27103 _ (919) 760-4869 


AND HELP 
ENVIRONMENT AND 
YOUR COUNTRY! SEND 

EHT 
BETTER MOUSETHAP PUBLICATIONS 
1008 CURLING WAY, BOWLING GREEN, KY 42104 


NEW! BUILD AMAZING LIQUID Р! 
TON ENGINE from pipe fittings. Ea 
Plans. Free information. ABCO, Вох 306. 
Seminary, MS 39479. 


FREE ENERGY! Fuel-Less Motors 
Generators! H&A R2EPS Bowling Gre 
MO 63334-8980 — 


Li it Solar Electricity at the Very Bes 
Briggs, sera S3 lor our expanded cs 9g 
ot New & Surplus Solar lectric panels, 


Box 2773, Staunton, VA 24401 
“Bringing the cost of Solar Electricity 
down to earth." 


UNIQUE SOLAR PANEL DOUBL 
AS PRIVACY FENCE. INFORMATIC 
$2.00. PLANS $15.00. DTES, BOX 4f 
BAILEY, CO 80421 


SOLAR CORE" Full Size Polyfilm Sol 
Collector. You Build 8' x 4' Frame. Guara 
teed $39.95 check/m.o.: SOLAR CORE, B 
44642, Detroit, MI 48244-0642 


SAVE BIG DO-IT-YOURSELF INFO 
MATION FOR CONVERTING YOU 
CAR TO NATURAL GAS. Send $12.95 
American Energy Alternatives, Box 9 
Massillon, OH 44646 


SURPLUS - SURPLUS - SURPLUS 
SOLAR ELECTRIC PANELS, 250 
Amps at 12VDC, SPECIAL OFFE 
$21.95, SECO, 9410-G, DeSoto Av 
nue, Chatsworth, CA 91311. 


250 ELEGANT ECOLOGICAL TECH- 
NOLOGIES! AMAZING CATALOG! Send 
$2.00. REXCO, Box 19250, Jean NV 89019 


SOLAR Collectors, Hydropon: 
Greenhouse Control. Send stamp. 10909- 
Hayvenhurst, Granada Hills, CA 91344 
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ALTERNATE ENERGY (Cont) 


CONSERVE THE ENVIRONMENT; 
lud a SOLAR GRILL. Plans $12.96. 
lartech, 1601 Royal Crest, Suite 2168, 
ustin, TX 78741. 


HEAT POOLS FREE CAPTURING 


'НЕСК AND STAMPED (5.58) SELF AD- 
КЕЗЕР LARGE MAILING ENVELOPE 


0: BIOSENTRY, PO BOX 103, GLENELG. 


SOLAR POWERED WINDMILL model, 
шту! Limited Supply. Send $45.00 + 5.00 
ІН. SCIENTIFIC CURIOSITIES, Box 
|8351, Beaumont, TX 77726. 


4х8 solar panel, plans, details $10.00. 
ardware kit $35.00. Jet drill water 


hi 
ей $9.00. Carroll, RR1, Box 
139A, Livingston, TX 77351-9717. 


ARTS & CRAFTS 

NEON ART HOME STUDY COURSE. 
IREE INFORMATION. Business/Hobby, 
E 522 Myrtle PS81, Arlington, Т; 


ASTRONAUTICS 


BUILD YOUR OWN 


Q UP TO 80 POUNDS THRUST: 
SING SIMPLE MATERIALS! 
S FOR JUST PENNIES APIECE? 


Homemade rockets go together quickly Uwe 
homemade О fuels Mod ee 
Хен 


520010 
Dept. PS8, THE TELEFLITE 
CORPORATION, 11620 Kitching 
Moreno Valley, CÀ 92387 


30 ANTIGRAVITY METHODS! Amaz- 
g Catalog: Send $2.00. Rexco, Box 19250, 


ean, NV 89019. 


наама" JET BELT Plans 


Fiy yourself or rem W and make BIG MONEY!!! 
+ Fa vactoratia tt conr 
* 200 lb payload 


они 


ROCKETS PLANS Kits Catalog $200. 
Jotriss ‘technology 3653 Slopeview Drive, 
jan Jose, CA 95148-2828, 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


ATV 


6 wheel drive 


(21-years-old and aver, Please) 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


Recreatives Industries, Inc. 
60 Depot Street, Buffalo, NY 14206 


AIR GUNS 


BEEMAN ADULT AIRGUNS! Worlds 
лові accurate and most powerful, regular, 
Toduction airguns. Calibers: 177, 20, 22, 
25! Largest US, sales, Unequalled trigger 
lurability, ownership pride, quality. 
pointed, hollow point, extra heavy, hi- 
elocity, and ‘match pellets. Free 104 page 
Сюй Add $9.00 for fast, mall 
leeman Precision Arms, 3 
V anta Roca, CA 95403. (107) 578-7900 
Whours). 


APPAREL 


TOPLESS SANDALS—They stick to 
your feet, men/women sizes 4 to 12. Send 
$9.00 to TCM Distributing, РОВох 90817 
Henderson, NV 89009. 


AVIATION 
LONESTAR SPORT HELICOPTER. 
Single place kit. Info $15., Video $35. Star 


Aviation, PS, 20180 FM 2252, San Antonio, 
TX 78266-2610. 


amo won HELICOPTER ! 


Take-off ftom yout CL skies! 


Several helicopter 
kits & plans avail. 


Helicopter Pians 
Heli. Experimenter Book . - 
All New Catalog /Kit Info. . 


SPECIALI AN 3 items: Or pay 


ая 


Р.О. Box 50-А 
Riderwood, МО 21139 
Credit cord order line: 1-301-583-6366 


HOBBY HELICOPTER Ultralight True 
Helicopter-Conventional Helicopter 
controls. Simplified construction —Motor- 
cycle or Rotax engine. Information: $5.00: 
POLYNOVA, Det PS, Saint-Remi, Que- 
bec Canada JOL 21 


LM HELICOPTER ERS 


7 Models Available 
= JET TP HELICOPTER 


PLANS 
ит 
} count necicorren МАЕ 


Ж FULL FLIGHT HELICOPTER 


INFORMATION PACK 55.00 
oos price 


BW ROTOR CO. INC. 


+ HOVERCRAFT 
$ GIRO KOP 


Box 391-A 
Towanda. K567144 


—PARAGLIDING—Gravity powered 
flight. Daily Low Cost APA Certified in- 
struction Peak Performance wre 

gliders Box 213 Crested Butte, 

So 81224 (303) 349 2961 Info S10 Video 330 


MANS $15.95 
foreignesS 


BEEKEEPING EQUIPMENT 


BEEKEEPING EQUIPMENT Free 
Catalog. Bee Farm, Rt. 1, Department 70, 
Moravian Falls, NC 28654. 


BETTER HEALTH 


WATERWISE PURIFIERS ... home- 
made distilled. (800) 874-9028. Box 45982, 
Center Hill, FL 33514-0459. 


BOATS, MOTORS & EQUIP. 


EVINRUDE—OTHER BRANDS 1990 
BARGAINS ... All Sizes . . . $2.00 Han- 
dling. Scott McCulloch . Electra 
Marine, 610 Merrick Road, Lynbrook, 
New York 11563. (516)599-3003. 


BOAT KITS—PLANS—PATTERNS— 
EPOXY—FIBERGLASS—SUPPLIES— 
250 DESIGNS—6'/70'—Powerboats— 
Sailboats —Hydroplanes—Tunnelhulls— 
Canoes—Kay іпрћіеѕ. CATALOG— 
$2.00 (Airmail $4.00). (Book “Amateur 
Boatbuilding"—$6.00). CLARKCRAFT, 
16-S Aqualane, Tonawanda, NY 14150. 


Hr /OARD CONSTRUCTION MAN- 
UAL. 73 pages - 37 illustrations - templates 
ilts - $19.95 U.S. moneyorder, 


Er shipping. R. Bergman, 45510 Маг: 
igold, Sardis, B.C., CANADA, VOR 2N8. 


BUSINESS OPPORTUNITIES 


BUILD YOUR OWN FUTURE! 


Have you ever dreamed of owning your own business 
but the start-up costs are a nightmare? A $99 invest 


ment buys you the sales literature, product samples 
and training you need to start earning profits with 


‘our exclusive environment control products. Why 
don't you supply it? Your future starts now! Send for 
free details 


DREAMWEAVERS, Suite 122, Dept. 5 
190K Memorial Avenue, Orillia, Ontario. 13У 5X6 


$10,000.00 MONTHLY Taking 
Photographs at Home! No Experience. 
PHOTOPRO, 1611 Crenshaw #235S, 
Torrance, CA 90501 (90 second recorded 
details) (213) 549-0997. 


REFINISH TUBS, TILE, COUNTERS. 
20 Year Proven Method, Instructions, Cata- 
log, $29.95: SPR, 3398 Sanford, Marietta, 
СА 30066. 


MAILORDER OPPORTUNITY: Start 
profitable home business without experi- 
ence or capital. Free book. Mail Order by eae 
ciates, Dept. 782, Montvale, NJ 07645. 


ADVERTISE FREE in 21,300 Maga- 
zines, Newspapers, Radio and Television 
Stations, Guaranteed! Directory $6.95: 
FREEADS, Box 14107DB, Jackson, MS 
39236. 


IMPORT-EXPORT opportunity, profit- 
able world-wide, mail order business from 
home, without capital. We ship plan for no 
risk examination: Experience unnece 

rt. Mellinger, Dept. K2699, 
land land Hill СА 91367 


MILLIONAIRE Mailorder Expert reveals 
Money-Making Secrets. Free, exciting hour 
cassette: Melvyn Powers. No. Hollywood, 
CA 91609. 


IRT PRINTING MACHINES. We 
manufacture professional single and multi- 
color screen printing equipment. Inex 
sive, Brochures, Prices, Information Pack 
$1.00 (refundable), Catco, 12201 NW 35 St., 
#538Р5, Coral Springs, FL 33065. 


$1804 MONTHLY! Buy/sell cars (spare- 
time). Revealing proof! Write: CODEX, 507 
Oak Drive, Friendswood, TX 77546. 


COOKIES, COOKIES, COOKI 
Earn money or lose weight. Samp 
800-277-0035. 


TAKE PICTURES for profit. Camera 
Ventures, Box 771, Lamara, CO 81052. 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial, 
Box 3578-Y, Anaheim, CA 92803. 


$500 WEEKLY mailing ads. Admailers 
Associates. Box 51063, Dui , NC 27712. 


traer epo inclined individuals 
desiring High Weekly Profits operating 
Sall Manufacturing Business Without ie 
vestment. write: Businesses-P, Box 9008, 
Baldwin, N.Y. 11510-9008. 


PIANO TUNING PAYS: Learn with ap- 
proved home study course, Diploma granted. 
American Tuning School, 17050 Telfer Dr., 
Morgan Hill, CA 95037. 


1991 MONEYMAKERS DIRECTORY. 
Most complete directory ever. Lists 1008 of 
sources for making big money, securing 
loans, grants, credit funde, ete. Send $10 tor 
Azoth Enterprises Directory, 123 W. Hamı 
den Ave. suite #236, Englewood CO 80110. 


WIN MONEY - Learn Casino Dice, Begin 
ner thru Advanced. Winning Systems. Box 
4226, Napa, CA 94558. 


AQUACULTURE - 35% profitabilit 
fish farming. Report # 21 provides full de- 
хайз оп; pool construction, stocking, what-if 
financed contacts, etc $19.00 cash, 
check or money order to: Delta Count 
Catfish Company, РО. Box 94, Pecan Gal 
ТХ, 75469. Free ‘self-evaluation quiz with 
every order. 


AUTO BATTERY RECONDITIONING! 
(EASY). EARN HUNDREDSSS WEEK- 
LY! TRADE "SECRETS" REVEALED! 
(FREE) FORMATION! BATTERY 
OUTLET, BOX 3300PS, HICKORY, N.C. 


RECYCLE METALS, NO, NOT ER. 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsby’, Box 1214, Franklin, TN 
37065-1214. 


$392.00 FROM Square Foot. Plywood 
Huge Demand! Revealing Proof $1.00 (Re- 
fundable). Woodwins, Bridgewater, Mass 
02324-2299. 


$15,000 MONTHLY Income! Easy Mon- 
eymaking Plan. No Investment. McDowell, 
Box 5529-Y, Diamond Bar, CA 91765. 


EARN $500 WEEKLY mailing informa- 
tion. Guaranteed. Free details. Send SASE. 
Cross Enterprises, 104 Almond Court, 
Kelowna, B.C., Canada V1X 6H1. 


DRUG RAID SEIZURES! Dirt cheap! 
Everything imaginable! DIRECTO- 
RIES! Government, Box 14107GB, Jackson, 
MS 39236. 


SUPER Income With Nutrition Express! 
Details Free! Recorded Message, 
1-800-299-5121. 


YOUR DOG/CAT/BIRD WANTED FOR 
MOVIES & Commercials, Filming, your 
area. Any breed. Very profitable. nfi pak 
$2.00, refundable. UPSA, Dept.7S 7095 
Hollywood Blvd., Suite 388, Hollywood, 
CA 90028. 


NEED MONEY? Free Grants, Signature 
Loans, Business Loans. Write: Action #7-Y, 
Box 5499, Diamond Bar, CA 91765. 


FINANCIAL Independence in 2 to 4 
months, order now $5.00: PO Box 43558, 
Hamilton Ont. L8P 4X5. 


WHOLESALE WATER PURIFIERS, 
for information send $1.00 to: Purifier, Box 
821457, Fort Worth, TX 76182. 


SCIENTIFICALLY PROVEN WORK- 
OUT PLAN TO IMPROVE YOUR 
PHYSIQUE. $10.00 INFINITY INC., 
Р.О.ВОХ 1006, ATLANTIC BEACH, FL 
32233-1006. 


EASY, ORGANIC, SAFE, wei; 
No pills, no powders, no diet foods. Satisfac- 
tion guaranteed. $5.00, Safe Slim, Box 1242, 
Joshua, TX 76058. 


DRY CRACKED SKIN? Like an invisi- 
ble glove, DERMA SHIELD protects 
against chemicals, irritants + moisture 
1-800-825-1333. 


MAKE HOMEMADE BOOKLETS. 
ГУЕ EARNED $187,000 WITH MINE. 
MONEY NEVER STOPS! Free informa- 
E Dasher, P.O. Box 5320, Sevierville TN 


BECOME A CERTIFIED HYPNOTIST! 
Free catalogue call (617) 770-0058. 


LAWN SPRINKLER Business Manual 
Wholesale Catalog $6: Booth, Rt.6, Box 80- 
A, Ozark, AL 36360. 


WORLD'S MOST UNIQUE MAIL- 
ORDER BUSINESS. Exotic tropical seeds. 
Details - Exotic, 586 Park Ave. Freehold, NJ 
07728. 


GUARANTEED SUCCESS! Seven 
home business opportunities. Logos 
Publishing, 5643 Sonoma Drive, Suite 17, 
Pleasanton, CA 94566. 


PROJECTION TV. Commercial quality 
lenses, screens, cabinet plans direct from 
manufacturer since 1976. $2.00: giant 
Screen TV, 4748 Pine Island Rd., t. PS7, 
Matlacha, F1 33809. Phone (813p2550313. 


FLAT and HARD STOMACH. Latest re- 


PILOT UV/Blue Blocker ores Dis- 
count Priced 14.95 + 3.00 S&H. Hammond 
Optical, P.O. Box 5008, Huntsville, AL 
35814 


$500.00 HOURLY Taking Photographs 
For Me! No experience. Free Report call 
recorded message: (303) 674-8155. 


BE YOUR OWN BOSS. Make big money 
with over 2500 items. $3.00 brings giant 
catalog refunded with first order. BGF 
Publishing, 15941 So. Harlem, Suite 345, 
PS-8, Tinley Park, IL 60477. 


RINGS sell, С7 fashion. $10.00 per sam- 
Be Suchors, 1506-23 Oak Dr., Vista, CA 


"BE AREAL ESTATE 1 
APPRAISER САТА 
Pe: 


ental home stu 


10's, 100's, 1000's Booklet showing 30 
methods, $9.95. D.D.B. Enterprises, P.O. 
Вох 59287, Pittsburgh, РА 1521 
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BUSINESS OPPORTUNITIES (Con't) 
SPARE Time Fortune in Vinyl Rej 


Huge demand. Exceptional profits, Every. 
thing supplied. Details free. VIP, 2036 
Montrose! Chicago 


HYDRAULIC JACK REPAIR MANU- 
AL AND CATALOG $10.00. HYDRAU- 
LIC PARTS SUPPLY, BOX 4157, 
BROWNSVILLE, TX 78523-4157. 


$200-$500 weekly AT HOME!! No 
immicks—Details FREE! Homeworkers- 
‚ Box 32397. Palm Beach Gardens, FL 
33420. 


BUMPERSTICKER PRINTER. Cheap. 
simple, portable. Free details. Bumper, РО! 
22701 (LLC), Tampa, FL 33622 


НАМО TUNING ACADEMY 127175 
Germania, Alexander, AR 72002. TUNING 
REPAIRING REBUILDING. 


MAKE $50HA WORKING EVE- 
NINGS OR WEEKENDS in your own 
electronics business. Request free facts. 

ES INDUSTRY, Box 531, Bronx, NY 
10461-0208. 


MAKE IG MONEY REPAIRING 
WINDSHIELDS AND plate ! Up to 
$75,000 yearly! Call TOLL-FREE US 
CANADA: 1-800-321-2597 for valuable 
Popes video and FREE report. 
Glas Weld Systems, Box 5756 C2, Bend, OR 


$225 DAILY "CHROME PLATING" 
AUTO PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Соода Box 2285, Waldorf, Maryland 


ARN $500 weekly mailing letters. Free 
Details, Omega, Box 4309-YF, West Covina, 
CA91791. 


(AS SEEN ON ug Earn a good fent 
income age refunds 


ONLY BERIOUS INQUIRIES PLEASE! 


1(800)235-5342. 


DRUG RAID SEIZURES! Dirt фер 
ох 


Cars, houses, boats, computer. Seizure: 
4309-YD West Covina, CA 91791 


W! GROW Eran 
SELL FOR 2,000% PRI 
mation. GROWBIZ, Box pes $5. Seminary, 
MS39479. 


ADVERTISE Free! 21,300 Magazines, 
Newspapers, Radio, ‘Television, $5.95. Direc- 
tory, Box 1448AW, Redoak, GA 30272. 


LET THE GOVERNMENT FINANCE 
your small business. Grants/loans to 
$500,000. Free recorded message: 
107-448-0270. (JG6) 


$40,000 ON 1/3 ACRE! New hydro- 

nics - inexpensive, pleasant, practical! 
ree information. Planters, Box 1214, 
Franklin, TN 37065-1214. 


MAKE YOUR DREAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (800) 826-8523 U.S/CANADA 
OR WRITE: GLASS MECHANIX INC., 
10170 NW 47 ST., SUNRISE, FL 33351. 


GET RICHt! Secret law smashes debts— 
brings cash credit! Details FREE! Wealth- 
Kit-S, Box 32398, Palm Beach Gardens, FL 
33420. 

GUARANTEED MONEYMAKER! 6 
WAYS TO MAKE MONEY. Send $1.00 
information. M&R Marketing, PS8, Box 
91656, Longbeach, CA 90809-1656. 


EARN $12,500. Invest $80. LSASE: 
D.B. Box 71032, Station “D”, Oakland, CA 
94612. 


ADVERTISE FREE, 700 Magazines, 
Instructions, GUARANTEED, $9.95, FS, 
Box 298-H, Oliver Spring, TN 37840-0298. 


$25.00/POUND PAID For Scrap Alumi- 
num? (YES ... Free Details!) Write 
Ameriscrap-PS891, Alexandria Bay, NY 
13607-0127. 


HOW-TO AND SELF-IMPROVEMENT 
BOOKS. Popular Catagories, Over 400 Ti- 
Чез. FREE Illustrated Catalog. LEMCO, 
PO. Box 189, W. Warwick, RI 02893. 


BURGLAR—FIRE ALARMS 


AC Enterprises, PO Box 1898 Haron CT 06147 


'ORRIED OUT BURGLARY, 
HOLDUP, SHOPLIFTING, VANDALISM, 
BREAK-INS? Send $1.00 for information to 
inventor, John King, P.O. BOX 700, May- 
wood, IL 60153. (708) 344-7877. 


BUY IT WHOLESALE 


CLOSEOUTS - OVERRUNS!! Cas- 
settes, C.Ds, L.Ps, VHS and Beta movies. 
Dien 93 00. S.E.A. Supply Company, 

Gloucester, MA 01930. 


400,000 BARGAINS Below Wholesale! 
Many Free! Liquidations Closeouts! . . . Job 
Lots ... Single Samples. Free details. 
Worldwide Bargainhunters, Box 1409-B, 
Holland, MI 49422. 


$300 DAILY! Taking Phone Orders For 
Opportunity Publications. 1-(800)- 
634-8892, X29779. 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp: DDN. Box 
20152-G, Ferndale, Michigan 48220. 


$96,000? APPLIANCE SERVICING! 
COURSE, FREE VIDEO! EASY, BOX 
4410, ARLINGTON, VIRGINIA 22204. 


Dr. 


hop. Amazing information. 


765-1266. 


LEARN VCR REPAIR. GREAT 
MONEY-MAKING _ OPPORTUNITY. 
HOME STUDY. FREE CAREER LITER- 
ATURE. 800-362-7070 DEPT. VJ109. 

MOME Assembly Work Available! Guar- 
anteed Easy Money! Free Details! 
Homework-PS, Box 520, Danville, NH 
03819. 


BARGAINS AND WHOLESALE 


Ц ALUE! 

for men and women at low, low prices! 

More than 50% OFF the cost of your eyeglasses! 
SEND FOR FREE INFORMATION TODAY! 


МАМЕ E 


3 


т 


INCREDIBLE. $750.00 IN ONE 
WEEKEND. EASY. COMPLETE DE- 
TAILED BOOKLE nd $5.95 to Е.В. 
Enterprises, Р.О. Box 15311, Plantation, FL 
33318-5311 


SPARETIME HOME BUSINESS Wealth 
Potential! Details, 322-49th St., Newport 
News, VA, 23607 


ATTENTION, а Earn 
$10005 weekly. For easy step-by-step guide, 
Send $10.00CN); K. Vallee, Suite 15-1164 
Муру Dr. М, Saskatoon, Saskatchewan, 


EASY Work! Excellent pay taking snap- 
shots. Send SASE to Quality Products, 
POBox 4658, Las Vegas, NV 89127. 


BECOME а HIGH PAID HOUSE- 
BUILDING INSPECTOR. (No Licensing 
Required). Make $10005 Weekly FREE 
LESSONS. 8501-8A Pasadena Boulevard, 
Hollywood, FL 33024. 


Jobs HELP WANTED зо 


FULLTIME * PARTIME * ANYTIME 
THE WORK AT HOME JOB DIRECTORY 
Hundrede of companies ме waiting to hear Кот you Whatever 
our sitution. Almost every field of work le Ваш inthe Mort 
Complete Job Direetory Available. Never look for work again. Be 


your ownboss. Choose your own hous. No layoffs or strikes. No 
9 to 5 hassles, Join the Фома enjoying the advantages of 
‘working at home. JOBS TO $150,000 yr. RUSH $13 + 


$2 P&H ($15.00) TO: JOBSPS, 4535 W. 
SAARATSUITE IIS TE EAR VEGAS, MY Mota 


SEND TO: STARLIGHT OFTICAL | 
РО. Box 219° Oceanport, NJ 07757 | 


Let au шы 


y" 


T 
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BOOKS & PUBLICATIONS 


JAGUAR AUTOMOBILE ENTHU: 
AST MAGAZINE WRITE FOR TREE 
BROCHURE/DISCOUNT COUPON. EJAG, 
BOX 220-PS, CARLISLE MA 01741. 


SAVE THOUSANDS WITHOUT REFI- 
NANCING! Mortgage reduction guidebook 
reveals secrets. Guaranteed results now! 
$19.95 Freedom-1, POB 30182, Pensacola, 
FL 32503. 


700 SCIENCE PROJECTS, Fully Illus- 
trated Book. Send $29.95 to NTI Suite 381, 
800 Fifth Avenue, Seattle WA 98104-3191 


BANKRUPTCY: Ís it really the answer? 
Informative booklet. $5.00, R. Whittington, 
2543 Coventry Circle, Fullerton CA 92633. 


BAR ACCESSORIES Professional qual- 
ity, signs, clocks, lights, etc., decorate like 
the pros. Catalog $4.95 (refundable) HAPPY 
HOUR PRODUCTS, P. O. BOX 626A, 
OLEAN, NY 14760. 


COMPUTERS 


ANTI-VIRUS SYSTEM. Immunize 
MEDON Canpa 1 а intercept all virus 


activity. Free infor 'alers welcome. 
TELSTAR ELECTRONIC POBox 217, SALES 
6190A] Cable T.V. Converters 


Parere ene ple, 
Macintosh, Commodore. more! [o 
sands of titles, hundreds of sources. Full 
details and list - send $10 to: JP Enterprises, 
Box 1302-SY. Des Moines. LA 50305 


HILARIOUS COMPUTER SOFT. | 


WARE JOKES! Stories and Antidotes. 


HD—floppy full! $15.00 Call (801) 226-2091. | 


ATTENTION NEW COMPUTER OWN- 
ERS. Beginners software package for ІВМ 
or compatible, Everything you need to get 
start cify $5.25 or 3.5 disk. Send 
$19.95 to F&S Enterprises, PO. BOX 469, 
Waukegan, IL 60085. 


BUILD YOUR OWN PC! Save hundreds. 
VHS tape and instruction manual $9.95. 
MIS, 1939 Route 70E, Suite 230 Dept 
CVPSS, Cherry Hill, NJ 08003. 


BUILD/UPGRADE IBM Compatible 


computers. The Best Instructional Guide | 


ever, pays for itself many times Ist time. $20 | 
MBS Computer 11604 Main, Middletown 
KY 40243 


COMPUTER AUTOMATE, household 
appliances, Easily built computer interface 

Plans $5.95. DGK Engineering, P.O.Box 
112, Medford, MA 02155 


00) | 


CABLE TV 
"BOXES" 


Converters e Descramblers 
Remote Controls e Accessories| 


FREE CATALOG! 
1-800-437-4720 


* GUARANTEED BEST PRICES! 
* 1 YEAR WARRANTY e C.0.D.'s 
* IMMEDIATE SHIPPING! 
DECA ELECTRONICS 
4835 М. 0'Gonnor Rd., Dept. 134-535 
Irving, Texas 75062. 


($B) soRRY - NO TEXAS SALES 


CABLE T.V. CONVERTERS Jerrol: 


Oak, Scientific Atlantie, Zenith, & mam 

New stereo add-on: mute 
volume. Ideal for 400 & 450 owner} 
1-800-826-7623, B&B 1 4030 Beat 
D-Rue Drive, MN 


YEARS OF CUSTOMER SATISFACTIK 


Purchaser agrees 1o comply wit all Sate and Federal laws re-| 
ecg ornate ownership ol Cable TV equipment Cont yor 
Focal ficare 


BRANDS INFO + ORDERS 1 
782-0552 FREEWAY INC. S.M.P. P. 
5036 BRUNSVILLE, MN 55337 


CABLE CONVERTERS ALL к 


w Prices 
PO Box 26 * Wood Dale, IL 60191 
(708) 766-5222/Fax (708) 766-526 
Call CST Mon.-Fri. - 9-5/ ТАШ 
| JERROLD * SCIENTIFIC ATLANT/ 
OAK * ZENITH * HAMLIN * PIONEE| 
Converter Only * Hand Helds 
Ch. 3 Filters • 3 Ft. Jumper Cable 
VISA/Mastercard [7] C.O.D. 
Orders Only 1-800-735-5912 
10 Yrs. Experience 
6 Mos. Warranty 
(NO ILLINOIS SALES) 


SEAS 


CABLE TV CONVERTERS 
DESCRAMBLERS WHOLESALE CLUI 
WE SPECIALIZE IN DEALER SALE! 

| dad 10 LOT PRIC 


RENO, NV 89502. CALL TODAY! (8 
562-6884 VISA/MC/COD 


SURVIVE RECESSIONS! Personal 
poe 279 Ideas - $2.00 Uplands, Box 
ntpelier, УТ 05602. 

HOW TO BECOME A REAL ESTATE 
APPRAISER. A STEP BY STEP BOOK. 
SEND $19.95: WORTHINGTON ENTER- 
PRISES, DEPT PS, 5253 ESTRADE 
DRIVE, SAN JOSE, CA 95118. 


BUILD YOUR OWN COMPUTER 
books XT, 286, 386, 486 $20.95 each. 
1-800-765-1714 


CB RADIO 


POLICE—FIRE SCANNERS, CB'S 
MARINE 2-WAY, ANTENNAS, HPR, 
BOX 19224PS, DENVER, CO 80219. 


HOW to select, use attorneys. Valuable 
information for anyone. $5 to Leigh 
Publications, PO. Box 4308-PS, Tulsa, OK 
74159-308. 


SUCCESS can be yours! DISCOVER 
SEVEN PROVEN ways to acquire Finan- 
cial Success. Free Information. Send $1.00 
Postage and Handling: 150B1 Braly Drive 
Summerville S.C. 29485 


TRAVEL AGENCY—Start your own at 
home, $2870. No license or bond. For free 
information/newsletter call: 1-800- 
926-5600. 


SECRETS OF THE WORLD'S RICH- 
EST PEOPLE Powerful. Revealing. Proven. 
Ford, Rockefeller, Getty, Onassis, Others. 
Only $11.00 Discovery Publishing, 3400 NE 
12 Ave, Suite 178B, Ft. Lauderdale, FL. 
33334 

SUCCESS, RICHES IN LIFE. FIGHT 
BACK. $10.00 BOOKLET MJB BOX 1897 
TULSA, OK. 74101. 


LMR's, CB's, SCANNER's, Catalog 
$2.00 Rays, Box 14862, Ft. Worth, TX 
76117-0862 


HUGE DISCOUNTS ON CB RADIOS, 
RADAR DETECTORS, AMPLIFIERS, 
SCANNERS. ALL MAJOR BRANDS. 
FREE CATALOG. (800)243-1028. 


CABLE EQUIPMENT 


CABLE TV BOXES, We sell only the best. | 
low prices, we ship COD. $2.00 for catalog | 
Ace Products, РО. Box 582, Dept. S, Saco, 
ME 04072, 1-800-234-0726. 


CABLE TV DESCRAMBLERS 


* CONVERTERS * 
and ACCESSORIES. 


PANASONIC, JERROLD, OAK, 
PIONEER, SCIENTIFIC ATLANTA 
AND MORE. LOWEST PRICES. FREE CATALOG. 


CABLE READY 


COMPANY 


(800) 234-1006 
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CABLE EQUIPMENT 


CABLE DESCRAMBLERS 
АК M35B COMBO $39.95 
"то, Zenith, Hamlin, Sci. Atlanta, Pioneer} 
MORE! OUR PRICES ARE BELOW WHOLESALE! 


CABLE+ PLUS 
А17 Chase St. #481-M, Panorama City, CA 91402 
B00-822-9955 • Other Info. 1-818-785-4500 
NO CALIF SALES s 


DESCRAMBLER KITS. 


$44.95. Complete Satelli 
$5 chipping 
489, Br 


ree Brochure. Summit ps, 
NY 1046 


ГМО CABLES? Watch oni 
ler by pushing two buttons. Uses st 
fts, No wiring, Cabling diagram $19 
‘Tape, PO Box 5471 


D ESCRAMBLERS 


ALL TYPES 800-582-1114 


FREE CATALOG 
М.К. ELECTRONICS + 7958 Pines Blvd 
uite 276 - Pembroke Pines, FL 33024 


ABLE TV SECRETS —the outlaw pub- 
fion he cable companies tried to ban 
BO, Movie Channel, Showtime De 
ramblers, Converters, etc. Suppliers list 

e Facts, Box 711-PS, 


CABLE TV 
“BOXES” 


Converters—Descramblers 
Remote Controls—Accessories 
st Prices + 


* Guaranteed Be: 
* 1 Year Warranty—C.O.D.'s * 
* Immediate Shipping * 

* FREE CATALOG * 


Call or Write 


RANS-WORLD CABLE CO. 


12062 Southwest 117th Court, Suite 126 


GABLE TV Converters and desrumblers 
wrgain Headquarters! Jerrold, 

th, Hamlin, Scientific Atlanta, Oak M35B 
aly $60. Free Catalog. GCN. 1032 Irving 
? #109, SF, СА 94122. Order Now! Visa 
C/COD 800-327-8544 


DESCRAMBLERS, Converters, LOW- 
ВТ PRICES. CNC Concepts Inc., Р.О. 
эх 34503, Minneapolis, MN 55434 
B00-535-1843. 


FREE CABLE AND SATELLITE DE- 
SCRAMBLER PLANS. Send SASE. 
JMS INDUSTRY, BOX 531, BRONX, 
Y 10461-0208 


CATALOGS 


none BOOKS. HUNDREDS OF 
RENT TITLES TO CHOOSE 


tom. FREE CALL FOR FREE CATA- 
-800-UP-TURI | 


LASH COSTS! Make Quality Hand 

wer Tools From Basement, Wreckage, 
rd Salvage, Etc.! Catalog Reveals Easy 
ans. $2.00 (Refundable!) H.B. Co., Box 
93, Anderson, CA 96007. 


CONSERVATION 


SURVIVE THE CALIFORNIA 
OUGHT IN COMFORT! Build your 
VATER-MISER" Recycling System, 
ans $18.00. Innovative irks, 1002 
»stchester Drive, Sunnyvale CA 94087. 


CLASSIC CARS 
BATTERY MASTER SWITCH 
a 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$14.95 each postpaid 
Add $1 for side post adapter 
BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts—12 units or more. 


CIC) 


Hemmings 
Motor News 


CONTESTS 


$25,000.00 TRIVIA QUIZ. CALL 
1-900-786-9991. YOU CAN WIN 
$25,000.00 CASH! S5/MIN. 


DO-IT-YOURSELF 


ADD SUBLIMINALS TO YOUR AU- 
DIO SYSTEM. Make custom tapes. SPS 
encoder installs into tape monitor. Uses your 
portable cassette recorder, and endless loop 
tape. Automatically adjusts subliminal level 
to music, mutes during pauses. Manual, ca- 
bles included. Information $1.00. Orders 
$59.95 +2.00s/h, SPS, Box 85154, Las 
Vegas, NV 89185 


TOUCH-TONE У 


LASER LIGHT ENTERTAINMENT! 
Inexpensive laser optics you can build. Laser 
tunnels, nebula, graphics, patterns, and 
more! Manual $15, STURMEFX, PO. Box 
691, Lake Geneva, WI 53147. 


LASERS, 5mw To 20 watts, Hundreds of 
Laser Related Products & Plans. For Catalog. 
Call 714-278-0563, or Write MWK Indus- 
tries, 1269 Pomona Rd., Corona CA 91720. 


73,560 CATALOGS DIRECTORY 
ide. Sources For Everything! Listed and 
escribed! $6.95 CATALOGS, BOX 
14107AB, Jackson, MS 39236. 


LAT ROOFS - SAVE 70% Any size. 
asy, safe, foolproof method proven 22 
years. Details: ROOFS, PO. Box 2784PS, 
Bethlehem, PA 18001 


PICKS UP A WHISPER 
50 FEET AWAY! 


| 

{ 
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DECO BEDFORD, Anis, NY 


INDUSTRIES* 
91 42323878. 


200 SUPPRESSED/DORMANT 
ORMATION 


19250, JEAN, N 


fast! Countermeasures equipment catalog 
$1.00. Capri, Box 5895, Bayfield, CO 81122. 


DON'T THROW AWAY THAT USED 
COPIER 01 


INCORPORATED Order or inlormation 


ЭЗ? Wane D 


79и 
БЕ -К Ө 


WATER ice drains basement. 
Sink Up, SASE Box 182 Wyncote, PA 190 


a EUECTROPLATING. 


METALLICS, $14.95. Details free. Tropic, 
X95, Palm Bay, FL 32906-0095. 


FORMULAS- FIBERGLASS, PLAS- 
Tics, MORE $5.00. EARNS, 3696 South- 
wise, Mt. Pleasant MI 48858. 


TESLA COIL! Transistorized. Ten inch 
coil, fifteen inch sparks! Plans $10.00 Coro- 
na Coil, PO. Box 474-C, Riverton, UT 
84065-0474 

SECURITY SYSTEMS installation 
manual $21.95 (WA + 8.2% tax) Level One, 
Box 1421, Auburn, WA 98071-1421 


WATER pressure device drains basement. 
Sink Up, SASE Box 132 Wyncote, PA 19095. 


UPDATE old appliances. Add REMOTE 
CONTROL. Plans $5.95 DGK Engineering 
P.O Box 112, Medford, MA 02155. 


CLEAN YOUR VCR. Complete instruc- 
tions $5.00 with pro cleaning kit. $19.95. 
Liberty Enterprises PO Box 932, Powell, 

OH 43065. 


NEON, COUR: 'TH FREE VIDEO. 
NEON, BOX 4410, ARLINGTON, VII 
GINIA 22204. 


REFRIGERATOR REPAIR, SIMPLE 
ILLUSTRATED INSTRUCTIONS— 
$5.95 WORTH HUNDREDS. EVANS, 
627 NORMANDY STREET, PORTS- 
MOUTH, VA 23701. 


ARROWHEAD Making. VHS $29.95 SH 
$3.50. Commons, Box 5012-PS, Central 
Point, OR 97502. 


51,000 CATALOGS listed. Sources For 
Anything! $5.95 CATALOGS. Box 92452X, 
Atlanta, GA 30314. 


QUARTZ CLOCK MOVEMENTS and 
cee Low Prices! Yankee Ingenuity, Box 
, Altus, OK 73522. 


SUPER-MINIATURE 
FM TRANSMITTER 


FISHING LURES Make Them Yourself 
Instruction. $5.00 SASE-J.C. Cuttrell, PO 
Box 5156, Amarillo, TX 7911 


ENHANCE your favorite PICTURE with 
NEON. LIGHT it up. We can TEACH you 
From Endless Possibilities for RECORDED 
MESSAGE and INFORMATION 
208-423-5481 


AMAZING 


SCIENTIFIC & ELECTRONIC 


PRODUCTS 
LASERS AND SCIENTIFIC DEVICES 
VRLZK — 3mw Vis Red Laser Diode System КИ. $159.50 
ШИК Laser Beam Bounce Listener i. DT] 
UICZK Visible Simulated 3 Color Laser Kit 450 
LCT 40 Wat Burning Саб Laser Pans $20.00 
RUM Hi Powered Pulsed Drilling Laser Pians. ET] 
шш 110 2m Нее Vis Red Laser Gun Assembled ... 5199.00 
Ш Laser Ше Stow - 3 Methods Plass. mun 
ух ‘See in the Dart Kit $299.50 
их Висота Coil Gun Ki. PT] 
LU ‘Hi Velocity Coil Gun Plaes. $15.00 
ши Levitating Device Pians $10.00 
И Бессон Hypnotism Techniques Pans. $10.00 
HIGH VOLTAGE AND PLASMA DISPLAY DEVICES 
НИМ 75.000 Volt DC Variable Output Lab Source КИ... 5140.50. 
06Х елау Gun КИ, project energy without wires... $69.80 
эби TIVIS VAC Hi Out Neg lon Generator... 90 
BK — Telnet Enhancer Electric Man Assemble ... 19.50 
шя Display Globe kit диз 
ТСК Мо Smallest Testa Coil Nit. wn 
MIC 250 Table Top Testa Coil Kit $us 
WI — 15Nilio Vols Tesla Col Pas. $20.00 
з "Jacobs Ladder - 3 Models Plans $15.00 
GRAT Anti Gravity Generator Plans $10.00 
PFS20 Plasma Fire Saber Assembled $69.50 
DP Dancing Plasma to Musi sounds Assembled $79.50 
SECURITY AND PROTECTION DEVICES 
19670. Invisible Pain Field Blast Wave Gen Assembled ....$74.50 
SPAK Раво Sonic Blast Wave Pisto КИ C] 
LISTIO Infinity Xmtr, Listen in Via Phone Assembled ..... $199.50. 
TAO Automatic Tel Recording Device lsembit..... 0 
VWPMIK 3 Mi. FM Auto Tel Transmitter Kit Lll 
ВМК ЗМ. FM Voice Transmitter Kit 594 
НОСИК  Homingracking Beeper Transmitter it us 


EASY ренк PROCEDURE TOLL FREE 140-221-176. 

э 24 HAS ON 1-609-673-4730 or FAX IT TO 1-403-672-5406 
VISA, MC, CHECK, MO IN US FUNDS. INCLUDE 105 SHIPPING. ORDERS 
ун 100 $10.00. CATALOG $1.00 OR FREE WITH ORDER. 


LONG PLAY CASSETTE RE- 
CORDERS, VOICE-ACTIVATED. RE- 
CORDS 12 HOURS PER STANDARD 
CASSETTE. FREE BROCHURE. 
PRODUCTIVE ELECTRONICS, BOX 


930024, NORCROSS, GEORGIA 
30093. 
Obtain UFO GOVERNMENT DOCU- 


MENTS. Sightings, Investigations, More. 
Complete Instructions. $7 William Gregg, 
13240 Woodcreek Place, Poway, CA 92064 


Do You Know 
Who’s Calling 
When Your Phone Rings? 
The Call identifier has the Answer 


* displays callers phone number when your 


sen prn $79.95 ss 


ings 
* stores phone numbers 
check money order 


‘SURVEILLANCE-COUNTERSURVEILLANCE 
EQUIPMENT CATALOG. 


РО. Box 337, Buffalo, NY 44226 
(746) 694-3476 
Dealer Inquiries Invited 
Check wth your ioc Phone Co. tor CALLER ID service оо 


with date and time of 
сай 


POPULAR SCIENCE AUGUST 1991 © 97 


DO-IT-YOURSELF (Con't) 


— ASERS ж 


Helium-Neon |  сомРАЕТЕ 
Laser Tubes | — 


4 
P» sso | 
FREE CATALOG Callor Write Today! 
MEREDITH INSTRUMENTS о 1802) 994-9867 


LE 


SURVEILLANCE - 


COUNTERSUR- 
VEILLANCE! Guaranteed Lowest 


Prices! Huge Catalog $5.00 (Refundable). 
PROTECTOR, Box 520294-A, Salt Lake 
City, UT 84152. 


FULLY APPROVED UNIVERSITY 
DEGREES! Economical home study for 
Bachelors, Masters, Ph.D., fully penus 
by the California Superintendent blie 
Instruction. ious faculty counsels for 
independent study and life experience cred- 
its (5000 enrolled students, 400 faculty). 
Free Richard Crews, M.D. 
(Harvard), President, Columbia Pacific 
University, Department 2R58, 1415 Third 
Street, San Rafael, CA 94901. Toll free: 
(800) 227-0119; California: (800) 552-5522; 
or (415) 459-1650. 


ENERGY SAVING TIPS, SEND $3.75, 
B&E, PO Box 8166, Baytown, TX 
71522-8166. 


EMBLEMS, DECALS, PATCHES 


DESERT STORM'SHIELD insignias 
NOW AVAILABLE! Worn by more troops 
other! Patches $5, hats $15, HQ 
$15, Posters $7—S&H Included. Guaran- 
teed Satisfaction! FREE Brochure. Desert 
Dept. D, РО. Box 4728/Macon, GA 
1-800-368-0370. 


LEARN SKIP TRACING AND MISS- 
ING INDIVIDUAL INVESTIGATIONS. 
Become an expert skip tracer. Complete 
training program from AMERICAN 
TRACING CORPORATION. Send $2.00 
for 16 pages INFOPACK, 289 College 
Street, Burlington, VT 05401-8320, 


EMOTE TELEPHONE RECORDER 
шок 600 Elgin. Muskogee, OR. THO. 
'atalog. gin, Muskogee, OK 74401. 
(918) [3 :9589. 


TELEPHONE LISTENING DEVICE 


Record telephone conversations im your oce or 
ome Connects Detween any cassetle or ape 
тесна ad yout миром vv. Sum ade 

When phone н answered Recores вот 
ol conversanon 505 recorder whan 


‘Super Powerful FM TRANSMITTER 
Many tenes mor power man оте variat. 
Transmis up fo mie to any FM rado asy to 
Assemble Ki up ю ЗҮ banery (not nc] 

For catag of Transmeters, Voce Scrambers ang 

oer specaty tems, enclose $2 00 ю US! Сор 


Install your own central heat/air 
geen ‘Complete detailed guide. $11.78: 
Airpro, РО Box 124, Copperhill, TN 37317. 


SAVE WATER! Control Lawn Sprinkling 
aystems with your Computer, without leav- 
ing Computer operating. Details: $10.00 to 
Great River Enterprises, Box 103, Great 
River, N.Y. 11739 


DOGS 
AUTOMATIC DOG — FEEDER. 
WATERER. Plans $9.95. RDH, 587 Rain- 
bow Circle, Springdale, SC 29169-4411 
EDUCATION & INSTRUCTION 
BRIGHT TEENAGER UNCERTAIN 


recognized engi- 
neer will prepare personalized booklet of 


[5 HC E Box 60A, Baird. TX 79504. 


UNLEASH your PHOTOGRAPHIC 
MEMORY POWERS. Proven subliminal 
tape. Order now! $10.00 includes P&H. 
Positive Learning, 11315 Fondren, Suite 
622, Houston, TX 77035. 


PARALI AL GRADED CURRIC! 
LUM. Approved home study. Most afford- 
able and comprehensive. 100 years of legal 
training. FREE CATALOG 1-800-826-9228. 
BLACKSTONE SCHOOL OF LAW, PO. 
Box 871449, Dept. PS, Dallas, Texas 75287. 


WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. (formerly Reisch) 
Since 1933. Term Soon. Free Catalog-COL. 
Gordon E. Taylor, Box 949, Dept. 3, Mason 
City, IA 50401, 515 423-5242 


UNIVERSITY DEGREES WITHOUT 


826-PS, BENICIA, CA 94510. (800) 
835-8535. 

FREE COLLEGE TAPE External 
ees Business/Public Administration, 
V, Graduate-Undergraduate, Financial 
Aid. (800) 759-0005 Ext 618, LASALLE 
UNIVERSITY, Mandeville, LA 70470-4000. 


ELECTRONIC SUPPLIES & 
EQUIPMENT 


SPEAKERS 


Heartwood Creations 
РО. Box 820 Department 25, 
Twin Lakes, WI 53181 
4-6 Wk. Delivery 


EMPLOYMENT INFORMATION 


HELP TO SAVE YOUR JOB 2753 East 
Danay, Su101-345 Mesa, AZ 85204. $10 


. All occupations. 
100e.. 1900/Day No income tax. List of 
American companies hiring, application, in- 
formation, $9.95. iction Clearing- 
house, Box Westminster, Vt. 05158. 


EMPLOYMENT GUIDE FOR THE 
MIDDLE EAST. Send $19.95 to Ferret In- 
formation Services, 1016 E. El Camino Real, 
Sunnyvale, CA 94087. 


POST OFFICE CARRIER TEST. 


the book on it written by a guy who took the 
test twice and scored 100% both times 

0.00 to Brilliant Educators, POBox 1858, 
Evanston, IL 60204. 


WORK DIRECTLY WITH 


REGISTERED PATENT ATTORNE| 
AND ENGINEER 


31 YEARS COMBINED ENGINEERIN| 
AND PATENT EXPERIENCE 


US & INTERNATIONAL PATENT APPLICA] 


‘oduction, prototyp: 
and research readily available. 
INTRODUCTION TO INDUSTRY & MARKETING PLA 
Also specializing in 
copyrights and trademari 
Less than 1 hr. flight time 
US Patent Office 
MICHAEL I. KROLL 
REGISTERED PATENT ATTORNEY 
US PATENT REGISTRATION 26,755 
171 STILLWELL LA, SYOSSET, NY 117] 


800-367-774) 
516-367-777 
516-692. 


LAW ENFORCEMENT CAREERS Not 
jobs list. Complete information. How, What. 
to Expect - $9.95. United Distributors, P.O. 
Box 701, Beaumont, Texas 77704-0701 


FINANCIAL 


DEBTS? BILLS? BAD CREDIT? No 
problem! Well help now. Applications ac- 
cepted $500-$50,000. Not a loan company. 
Free app: TCAC, Dept. PS. 400 Century 
Park South #117, Birmingham, Alabama 

>r call 1-800-869-0607. 


COMPUTER Erase Bad Credit Free In- 
stantly. Free Dese Уту 13950 Ven- 
tura, Sherman O 91423. 


ТАВЫЗН YOU! 
2752, East. Eg edem 50и101-345 Mesa, AZ 
85204. $20 to: K-lectric 


PROTECTION FROM CREDITORS. 


steps to stop collection agencies for 
Guaranteed immediate results. 

.00— Consumer Defense League, РО. Box 
166349A, Z TX 75016-0349. 


HOW LEGALLY ELIMINATE 
CURRENT TAXES. ACCUMULATE 
GREATER WEALTH. LITTLE KNOWN 
OPPORTUNITY EXPOSED. $9.95 
MONEYORDER KMC, 9509 South Dixie 
Highway, Suite 512, Miami, FL 33156. 


kom qd 


TUITION MONEY IS AVAILABLE for 
college, university, vocational and technical 
schools regardless of income. Application 
and instructions, $5.00. National Education. 
ть Box 2, Hendersonville, TN 


CAREER IN C.A.D. . COMPUTER 

AIDED DRAFTING/DESIGN. INSIDER'S 
VIEW OF ATTENDING A TECHNICAL 
SCHOOL AND TIPS ON GETTING THE 
CAD JOB YOU WANT! LEARN FROM MY 
MISTAKES, (20 PAGES! SEND $9.95 TO 
SNL DESIGN, РО BOX 177, SAYRE РА 
18840-0177. 


RESUME Tij 
Franchards, Po, 
98520 


that work. Send $5.00, 
Box 704, Aberdeen, WA 


BECOME A PARALEGAL. WORK 
WITH ATTORNEYS. HOME STUDY. 
FREE CATALOGUE. 800-362-7070 
DEPT. 1109. 


COMPLETE 8 br Cmn in бејт 
ic engineering. 109. : ВТ 
Books, 1203 Grant Ave. И 161103 


DON'T BE CHEATED AT CARDS 
$8.95 “EXPERTISE” YEARS EX- 
POSED! GILLILAN, 207 HILLCREST, 


LIGHTNING STRIKI PROTECT 
YOUR ELECTRONICS, ЕРУ ISION, 
PHONE, APPLIANCES. $1 plus long 
ES Electraguide, Box 534, Eyan, MA 
01903. 


SURVEILLANCE - Privacy control - De- 
bugging - Protection. (Kits - assembled) 
Large new catalog $8.00 Tri-Tron 2209F 
Lapalco, Harvey LA 70058. 


ELECTRIC VEHICLES 


ELECTRIC Cars, Conversion Manuals, 
Parts and supply sources, newsletters—The 
most complete electric vehicle source $5.00 


Performance Speed wap 2810-B Algonquin, 
ENERGY SAVING. 


SOLAR, GREENHOUSE, AQUACUL- 
TURE AND ENERGY SAVING CATA- 
LOG! 64 pages. Order from one expert 
source, Featuring Sun-Lite* for do-it- 
yourselfers, builders, designers. Americas 
largest energy saving mail order, house! 

1. рай 'omponents Corpora- 
tion, Dept PS. 121 Valley St. Manchester, 
NH 03103. PHONE 603-668-8186 


A GREAT CHRISTMAS 


SEASON STARTS 


HERE. 


to buy for the upcoming 


holidays, you'll find lots of them 


оп these pages. 
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If you're looking for great gifts 


If you've got great gifts to sell, 

advertise right here to reach nearly 
4.6 million customers who use 

POPULAR SCIENCE to do their 

Christmas shopping. For affordable 

advertising that will ensure a great 

Christmas season call: 

Dorothy Ellis or Anne Rosenthal 

(800) 445-2714 

(212) 779-5163 


@ 


BE FINANCIALLY INDEPENDENT! 
FOR COMPLETE INFORMATION $10. 
LHE, Box 11194, San Bernardino, CA 
92423-1194. 


FINANCIAL SECURITY easy strate- 

ies. Make and save thousands monthly. 

00: JCN, PO Box 24121, Winston-Salem 
NC27114-4121 


INVENTORS: Call TLCI for free infi 
mation 1-800-468-7200 24 hours/day 
USA/Canada 


REGISTERED PATENT ATTORNE| 
Р.А. Kettlestrings, 414 Hungerford Dri: 
Rockville, Maryland 20850. 1-80] 
748-6216. 


INVENTORS: Save money and time 
and services. Patentlink, Box 3! 


Richmond, VA. 23235 
FREE information. 37 years expe 
О. Box 5871 
INVENTORS! Can t and 
from your idea? Call AMERICAN INUE 
CORP. for free information. Servi 
338-5656. 


inventors since 1975. 1-800- 


FREE help for inventors! No chai 
ion forms and information kit. 
ated Inventors Foundation. 1-800-525- 
REGISTERED PATENT АТТОЯМ! 
Free Information Package Patent 


Applications 1-800-876-6670. 

NEW TOY IDEA? Want access to Ц 
companies? EXCKL offers full inventor. 
vices, FREE phone consultation. Call (61 


934-1200. 


INVENTORS! Call IMPAC for free ir 
mation package. USA/Canada: 1-8 
225-5800. ded. 


in nt search. Write: 
Aid. I 60658 


formance profile 


NEW IDEAS? MAKE SOMETMI 
HAPPEN! We have expertise designing, 
veloping, marketing and licensing new 
ucts to brand-name compania y with sal 
worldwide - earning millions! Free Info 
mation. GREAT AMERICAN ROYAL 
GROUP 1-800-235-8640 


EVERYONE regardless of credit history 
can obtain credit cards, erase bad credit, 
save on interest. FREE information. Ace 
Marketing, Box 772-S, Granite Quarry, NC 
28072. 

BANKRUPTCY Information Guides. 
Free Details, Iron Horse Publishing Compa- 
ny, Box 110313, Aurora CO. 80042-0313. 


BOOKLET RAISE $50,000 WITH 
CREDIT CARDS. $12.00-NO CHECKS. 
HRP, 2906 NORTHEAST, FLAGSTAFF, 
AZ 86004. 


GET FREE CASH! Private money grants. 
Foundation giveaways. Loans. Millions 
available. Sources: Box 5529-Y, Diamond 
Bar, CA 91765. 


FOR INVENTORS 


LEARN how to offer your invention for 
sale or license. Free booklet outlines proce- 
dures, royalty rates, requirements. ler 
а Corporation, C-5-FI, Fremont, ОН 


PATEMT AMD DEVELOP Your Inven- 
tion. Registered Patent Agent and Licensed 
Professional Engineer. Send for FREE PAT- 
ENT INFORMATION Every Inventor 
Should Have. Richard L. Miller, 12 Parkside 
Drive, Suite-N, Dix Hills, NY 11746. (516) 
499-4343. 


E 


SERIOUS INQUIRIES: For Dev 
opment, Patenting and Licensing, ci 
Davison & ee: Free informat 


MARKETING-DEVELOPMENT! Yo 
Inventions Marketed, Developed by 
fessional Engineer former U.S. PAT 
OFFICE EXAMINER & MANUF: 


ing, New York, NY 10277. 


FREE CATALOGUE! Books/Tape| 
Software for inventorsentrepreneurs! I 
vation Centre, 156 Columbia St. W., Wa 
loo, ON, Canada N2L 313, (519) 885-587| 
fax (519) 885-5729. 


FOREIGN NEWSPAPERS 
WORLDWIDE ENGLISH NI 


PAPERS/MAGAZINES! Sampler: 3/32: 
FREE BROCHURE. MULTINEW: 
PAPERS, Box DE-38, Dana Point, C] 
92629. 


FOR THE HOME 


BASEMENT WATER PROBLE! 
Nationally syndicated columnist sho 
causes, remedies. Illustrated pamphl 
$5.00. Check/M.O. + lenri 
Marne, POBox 359P. Watstield УТ 0567 


FOR THE HOME (Cont) 


SAVE 555'5 ON YOUR MORTGAGE! 


Mortgage payments ore Гы [бен 1 

ерене in your lifetime. Special proven. 
lan shows how to save hundreds lo 
wien of dollars GUARANTEI 

Er $14.95 plus $2 РН. NO RISKI 

Morningstar Enterprises 
fre BO. Box 944 Dept MIZ, 
Woodstock, IL 60098. 


MOTION DETECTOR. ONE GOOD 
PRAY KEEPS THE NEIGHBORS DOG 
yea ATTACH TO SPRINKLER. 


LAWN UP TO 15 MINUTES AT A 
1МЕ. PLANS: $4.95, J&K MATHIS, INC., 
О. BOX 847, OKLAWAHA, FL 32179. 


NEED TO HELP FAMILY, FRIENDS 
IND EMERGENCY CREWS LOCATE 
(OUR HOME AT NIGHT? Call 
800.233.7893 ext. 1008 for FREE 
Fochure describing the Reflect-R-Box by 
ID. Cooper, Ltd 


GARDENING 


HOMEOWNERS, PROTECT THE EN- 

'IRONMENT, compost your organic waste. 

llans and instructions, $7.95. LaFontaine 

ur 300 Gage, Suite 10, Kitchener, 
Г. N2M 2C8. 


COMPOSTING BROCHURE. Turn 
разв and leaves into free fertilizer. Send 
.00 and SASE to Karlco, 26985 Shawnee 
ive, Perrysburg, OH 43551 


51% MORE FLOWERS, 39% MORE 
fOMATOES! New Polymer enhances your 


ants growth, reduces watering! Sample 
5.00. Honeytree, 13860 Wellington Trace, 
2-218, Wellington FL 33414. 

GIFTS 


"ACCUSHARP" WORLD'S FASTEST 
NIFE SHARPENER POCKET, HUNT- 


AND KITCHEN KNIVES, AXES. 
РЕТІМЕ WARRANTY. GREAT GIFT 
A. SEND $11.95 TO WILLIAM 
ЕТО, 1908 GARON DR., MANDE- 
ILLE, LA. 70448 


GOOD EATING 


— MÓN 
Il ITALIAN COOKBOOK, 5 Star. 
Sehuppert, PO Box 77102, Tucson, AZ 


IN recipes $5.00. PS Muffins, 
›О.Вох 281142, Papillon, NE 68128-1142. 


PIZZERIA Hand Tossed Pizza Recipe In 
four Oven Without Tossing. $3.00, Pizza, 
%0 Box 266, Carpentersville, IL 60110. 


HE ARIN( AIDS 


d PRIC 


I SUPER SAVINGS! Newest. Finest. All 
| (рез. Buy DIRECT 8 save up to HALF! 

salesmen, Sold by AIR MAIL on HOME 
IL TRIAL. FREE Catalog. Write: 


I MONEYSAVERS. 
Dept. PS8D 
1 Palmdale, CA 93550 


36658 Apache Plume Dr. 


HELP WANTED 


Books! $30,000/ 
etails. 1-805- 


EARN MONEY Readin, 
yr. income potential. 
962-8000 Ext Y- 


ASSEMBLERS: Excellent income to 
assemble products from your home. 
504-646-1700 DEPT. P95 


EASY WORK! EXCELLENT PAY! 
Feat ка shots. DETAILS, send $1.00 
+S; to SUCCESS, РОВох 436, Oden- 
ville, AL 35120. 


HOBBIES & COLLECTIONS 


17 FASCINATING INTERNATIONAL 
Stamp Sets. $10.50 retail only $4.95 to intro- 
duce our worldwide, USA, JFK approvals. 
Your choice! Wilton, 15 Londonderry. PSDH, 
Londonderry, NH 03053-3386. _' 


ISCO OVERIES 


м KNOTS? 


‘The joy of true research, 
without years of study — and 
on a shoestring! 


Send $8 for 64-page book and conis to 
Binford & Моп, 1202 NW 17th Ave., Ponland, OR 97209 


AN INVESTMENT IN HISTORY! Rare 
Autographs, Letters and Historic Docu- 
ments Available. Free Report, History- 
Makers" 5435 М. Emerson Way, Dept. PS-1 
elit IN 46226 317/542-9480, Ext. 


HOME CRAFTSMAN 


CLOCK movements, components, plans, 
epoxy, prints, door harp supplies, videos, 
stencils - over 1500 items! Wholesale catalog 
$3.00 (credited) Steebar, Р.О. Box 463-5, An- 
dover, NJ 07821-0463 


INVENTORS: If you have an invention 

for sale or license, write for free booklet 

laining how we can help vou. Kessler 
Sales Cors. „ C-7-IW, Fremont, ОН 43420. 


KITES 


rKITES Nga 


FREE COLOR CATALOG 

Choose from over 200 kites. 

Many unusual & innovative designs. 
[| Call or write for your catalog today! WW g 
І Into The Wind • (800) 5а-озм | 

[бды Pear! St., Boulder, CO 80302 

== === == ние 


3rd., Monroe, LA 71201-4222 


STUNT KITES GUARANTEED LOW- 
EST PRICES FREE CATALOG BFK, 
19306 E. Windrose, Rowland Heights, CA 
91748 (818)912-1272. 


LOANS BY MAIL 


BORROW $50,000 “FAST” Any Pui 
Guaranteed. Capital, Box 561359-PS, 
lotte, NC 28256. 


IMMEDIATE Loans to deserving indi- 
viduals refused elsewhere. Many plans 
included. us! Associates P3, Box 9008, 
Baldwin, NY 11510-9008. 


BORROW $500-$40,000! “Overnight” On 
Signature. Keep indefinitely! Action, Box 
5499-Y Diamond Bar, CA 91765. 


ANY AMOUNT. Quickly, on 
Signature Secured Immediately! Apply 
Now! 1-404-879-5514. 


BORROW: $100 - $100,000! Fast! Confi- 
dential. Glendale Associates, P.O. Box 
260279, Plano, TX 75026. 1-800-444-6599. 


Fast Ap- 
210 Fifth 


LOANS For Nearly Ап; 
provals! Cash 24-48 Moon! P PFS, 
Ave., Dept. 1102, NY, NY 10010. 


HOW Much Money Do You Need? Simple 
Qualifying, ‘Many Options Unison, 2170 
Broadw 


IRROW $500 - $40,000! “On Signa- 
ture"! Any Purpose! 97% Eligible! Free Ap- 
plication; National, Box 7627, Long Beach, 

'A 90807. 


CRAFT & WOODWORKING CATALOG 


from the importers of the critically ac 
claimed Hegner Scroll Saws. Send $1.00 to. 
AMI, Ltd. Box 312, Dept. 458, New Castle, 


DE 19720. 


'OLD Fashioned Tea Donuts Recipe, Send 
150 SASE to: Box 868, Englewood, FL 


КАНЫША, Irish Cream $5.00: PO Box 
122, San Dimas CA 91773. 


ever evene ne ord BREAD* $4.00 
foney Order, SASE, P & M Recipes, В #3, 
jullivan, IL 61951 


EASY GOURMET salad and dressings, 
О recipes, $3.98, Green Leaf 6616 del Norte, 
dallas, PTX 15225. 


1CE CREAM CAKE. Easy, delicious 
2.00 +/SASE, Ezzells, 5424 Clapsaddle, 
ethany, NY 14054 


PASTY ru Michigans’ *YOOPER" 
Waino, PO Box 4422, Ann 


COCKTAIL concoctions, details and as- 

emblies. Blueprint of 21 favorite mixed 
rinks. Actual blueprint. $5.00 Blueline, 
lox 1268, Mansfield, OH 44901 


GOVERNMENT SURPLUS 
DRUG RAID SEIZURES! Buy dirt 


heap. Cars, houses, boats, computers, furni- 
ure. Seizures: Box 4309-YG West Covina, 
2А 91791. 

HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
narkup. Free Trial. Batteries wholesale. 
rms Arranged. Lloyds-PSC, Rockford, IL 
1104, Call 1-800-323-1219 Toll Pree. 


FREE Hearing Aid Catalog. All Models. 
luge savings! No salesman will call 
IHODES Dept. 12T, Brookport, IL 62910. 
"hone 1-800-453-4905. 


HOW-TO SECRETS, Shop Ideas, New 
Manual, Free Details, Millcreek Publishing, 
38746D Barberry Squaw Valley, 


HOME REPAIRS & REMODELING 


STOP THIEFS, Install Our Alarm Warn- 
ing Decals On Your Home Or Auto. Send 
$6.00 For Two Decals. EY Home or Auto 
‘To DJS VENTURES, POB 29, Oak Lawn, IL. 
60454. 


HOVERCRAFT 


HOVERCRAFT Plans, 3 to 160 Hp Infor- 
mation $5.00 (refundable). Sevtec, Box 846, 
Monroe, WA 98272 


HUNTING & FISHING INFO 


DECOYS Northwind field assembled 
windsock goose kits. $12.00 each postpai 
SALESCO, Rothsay, MN 56579-0058. 


INVENTIONS WANTED 


HONG KONG factory needs several new 
products for their oversea buyers. Send prod- 
uct ideas for royalty evaluation. Can pro- 
duce exclusively. Hongkong Plastic Metal 
Products Company, Box 69627, Kwuntong, 
Hongkong. 


INVENTORS Your first step is impor- 
tant. For FREE advice, cal] ADVANCED 
PATENT SERVICES, Washington, DC, 
800-458-0352. 


INVENTIONS, ideas, new products! Pre- 
sentation to Industry. National exposition. 
1-800-288-IDEA. 


INVENTORS: Why INVENT without 
Profit? Together we'll sell novel ideas! FREE 
EUREKA Information at 1-800-362-4332. 


BORROW BY MAIL Get $500-$75,000 
Quickly. Nearly Everyone Qualifies! Re- 
juest Free Application. MJS Industry, Box 
31, Bronx, NY 10461-0208. 


$100,000 line credit without investiga- 
tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 
NACC PS-4 Box 5399, Torrance, CA 90503. 


LOANS GUARANTEED! Regardless of. 
credit, immediate placement. Mastercard- 
no personal savings deposit required. Coun- 
lors on duty. 513-438-2555 Ext. 192 


BUSINESS— Personal. $500-$5,000,000. 
All Eligible. Quick, Confidential. Request 
free application. Write JDS. Box 490, Bot 
kins, OH 45306. Call 419-999-1338, 


MINERALS & PRECIOUS STONES 


WISH UPON YOUR OWN 
SHOOTING STAR их 


Now your wishes can come true day & night with your 
‘own personal SHOOTING STAR (a certifed METEOR- 
ITE fragment) to wish upon again & again. ORDER 
YOURS TODAY-Suppyyisliited, ага), 
SATISFACTION GUARANTEED ог money back. Send 
$1010:Ken Krauss, Dept A11, P.O. Box 601174, КМВ. 
FL 33160 © 1991 by K. Krauss-All rights reserved. 


MAILING LISTS 


FIRST ORDER “TRIPLED FREE"! 
Opportunity seekers! Computerized, ad- 
hesive labels. 200/$5; 0/$9; 1,000/ 
315; 2,000/$24; ; 
LIST-MASTERS, Box 425-.WK, Mt. Sinai, 
NY 11766. Visa/MC/COD ‘call 800- 
356-8664. 


ACTIVE NEW OPPORTUNIST 
NAMES! GUARANTEED! FAST DE- 
LIVERY! MIXED STATES! 200/$10; 
500/$15; 1000/$25. DEALER'S СО-О! 
BOX 526-PS, GRIFFITH, IN 463 
1-800-992-9405. 


MISCELLANEOUS 


UNIFIED — PHYSICS, BREAK- 
THROUGH $5. Dennis May, 4957 Wood- 
man Park Dr. #7, Dayton, OH 45432. 


MONEYMAKING OPPORTUNITIES 


EARN $500 weekly mailing letters. Free 
Details Omega, Box 4309-YM, West Covina, 
СА 91791 


EASY Work! Excellent Pay! Assemble 
Products At Home. Call For Information. 
(504) 641-8003 Ext. 6517. 


1 return on your money, For 
details 213) 3774905. 


MAKE CASH AT HOME. HIGH PROF- 
IT DISCOVERY IN RECYCLING IS 
YOUR KEY TO WEALTH! SEND $5 FOR 
COMPLETE START-UP MANUAL TO 
GROUP 2112, Р.О. BOX 180693, 
UTICA, MI 48318-0693. 


HOMEMAILERS Neede 
monthly! SASE: Lintel-1PS, 
Suite 200, Naperville, IL 60 


NEW! SELL UNIQUE PRODUCT. Make 
200% Profit. $20.00 Ch. Т. Co., Box 882625, 
San Diego, CA 


MAKE TANTLY, 
GUARANTEED. FREE INFORMATION, 
3491-B EITORO, LAKE HAVASU AZ 
86403. WOODWRIGHT PUBLISHERS. 


$20 PER POUND RECYCLING 
GLASS! Full report $5.00. Glass, Box 487, 
Ramona, CA 92065 


$2,000 monthly possible assemblin 
(800) 253-0648. Homeworker Box 610 
Lanoka Harbor, NJ 08734. 


BREEDERS NEEDED, Raising pets and 
exotics, moneyorder $8.95. King’s Enter- 
prises, Drawer 180, Alpine TX 79830. 


LOANS ! LOW PAYMENTS. (Example: 
$5000 Personal approximately $155/month). 
Visa/MasterCard, 1-800-535-4942. 


EXTRA income in one week EASILY! For 
kit send SASE + $5.45 to Business Pro- 
grams P.O.Box 1601 Salisbury, MD 21802. 


BORROW $300-$100,000 by Mail! ТЕК, 
Box 1058-PS, Clearwater, FL. 34617. 


‘CONSOLIDATE YOUR DEBTS! Start a 
business. Loans $100-$1,000,000. Any pur- 
pose. 1-404-469-CASH. 


ARAB BUSINESSMEN have money to 
buy and invest Top finders fees paid. IMEA 
В91/Р51. Box 3574. Newport Beach, CA 
92659-8574. (714) 722-9260. 


MAGIC TRICKS, PUZZLES, ETC. 


PROFESSIONAL MAGIC! Huge Cata- 
log, over 1000 Tricks and Books. $450. 
Hank Lees Magic Factory, Dept. PS8, 125 
Lincoln Street, Boston, MA 02111. 


MODELS—SHIPS, CARS, 
PLANES, ROCKETS 
LIVE STEAM MODELS! 100 Kits or As- 
sembled. Stunning Colored Catalog $5.95 


Refundable. Diamond Enterprises. Dept PS 
Box 537, Alexandria Bay, NY 13607 


PHONE: (613-475-1771. 


THE WORLD'S GREATEST OPPOR- 
TUNITY is at your fingertips. Call 
1-800-375-7386 for Free Information. 


MUSICAL INSTRUMENTS 


COUNTRY music and much more. Top 
100 titles on cassette or compact disk. Great. 
prices! Send $3.00 for catalog (Refundable) 
to C.D. Shacks, PO Box 7760 Greenwich, CT 

30 


OLD GOLD, JEWELRY WANTED 


TAKE NO CHANCES, Deal with oldest, 
most reliable firm in old gold business, Es- 
tablished 1934. We buy Gold, Silver, Plat- 
inum, Diamonds. Highest Cash. Free infor- 
mation, Rose Industries, 29-Y East Madison, 
Chicago 60602. 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Rings, Diamonds, Watches, Silver, 
Platinum. Май Articles Today. Free gift 
with Information. Chicago Gold & Precious 
Mete 10 S. Wabash, Dept. 1157, Chicago, 
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OF INTEREST TO ALL 
TAROT READING. HANDWRITTEN, 


REMARKABLE: Н 
ATED WATCHES SEND $3.00 for informa- 
tion: DOVE, SUITE 204, 4132 SOUTH 
RAINBOW, LAS VEGAS, NV 89103 


PATCHES, DECALS, BADGES 
CUSTOMIZED PATCHES, PINS, 5, pE, 


IYDRO GENER- 


CALS, BUMPER STICKERS. FREE 
LOG, STADRI, 57R LEROY, NYC [n 
(212)929-2293. 


PLANS & KITS 


CLEAN YOUR VCR LIKE A TRAINED 
TECHNICIAN. $10.95 for a four 
and instructions. MANGOLD VIDEO Ser- 
vices, PO Box 1986, Bethlehem, PA 18016. 


DO IT YOURSELF GARAGES—The 
Goddard Framing System. Complete plans 
and material list. Send $14.95 G.S.H.R. 
56A Main Street, Suite 329, Maynard, MA 


DOME homes, cabins, commercial, ener- 
efficient, economical. Natural Spaces 
-800-733-7107. 


PLANS, BLUEPRINTS 


WET OR DAMP BASEMENT? Save 
10008 fixing it yourself. Professionally re- 
searched guide to systems and installations 
$19.95. Call 1-800-724-0851 for information. 
Visa and Mastercard accepted. 


Pan rigs, eta Aan ets LOVE 


Send $12.50 to: MVP Specialty Products, 


РО, Box 45, Chenango Broa, NY 157450405 _ ПІ 


MINI GARDEN BARN. Beautiful gam- 
brel roofed shed 12' x 10' complete detailed 
lans, Send $9.95 to Morse, Stone Dam Rd. 
t.#2, No. Scituate, RI 02857. 


SPEAKERS Build your own home, home 
theatre, and auto speaker enclosures and 
subwoofers. Save hundred$! 20 detailed 

lans $19.95. Alexander Carrizo, 10820 E. 
Beverly Blvd #A5-128, Whittier, CA 90601. 


WATER RECYCLING information. Send 
$3.00 for S&H to: RCN DESIGN, 3020 S. 
National, PO 324, Springfield, MO 65804 


CASTOLITE Liquid Plastics. Gryatal 


Dew sene For casting, ag and reprodue: 
ing, lassiny rin аме. 
inf with cor Мо Ed 3 
$2.00. CASTOLITE, dS. p 
Dean, Woodstock, IL 

REAL ESTATE 


CALIFORNIA. Acreage. Lots. $50 down. 
$50 monthly. 4602 Ethel Ave., Sherman 
Oaks, CA 91423. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunting, fishing, recreation, retire- 
ment. FREE bi NATIONAL ASSO- 
CIATED PROPERTIES, 1111-C Sherman, 
Coeur d'Alene, ID 83814 (208) 664-8161. 


US CITIZENS ONLY GOVERNMENT 
LAND, 20 acre claim program still avail- 
able, get yours for $20 government fee, in 
Alaska, Arizona, Arkansas, California, Col- 
ese: Idaho, Montana, Nevada, New Mexi- 

„ Oregon, Utah, Washington, Wyomi 
For complete, Step-by- step, package каре includ: 
ing maps, telephone helpline, filing forms, 
etc. send $20; or for more information send 
$3. PUBLIC LANDS TITLE, POBox 2945- 
PS PortAngeles, Washington 98362-0336 
(this is О its much easier 
and only costs $1. per асте). 

MONTANA LAND BARGAINS: 20 Acre 
mountain parcels starting at $12,900. Call 
NOW for FREE information. 1-800-252- 
LAND. Yellowstone Basin Properties. 

GOVERNMENT HOMES from $i f (Ure re- 


pair). Delinquent tax 
sions. Your area (1) [ope 8000” "Ext. 


GH-20025 for current repo list. 
MONTANA 


Trees, Creeks and Wildlife, 20 QUALITY. acres 
(and up), close to Yellowstone Park, starting at 
$7,450. Easy Owner Financing. Guaranteed 


‘Access. Warranty Deed. Free Color Brochure. 
Rocky Mountain Timberlands 
1315 East Main + Dept. PS, Р.О. Box 1153 
Bozeman, MT 59771-1153 + (406) 586-8088 


all Toll Free: 1-800-73 


*BUILD YOUR DREAM IN COLORA- 
ро“ Build your cabin from your own trees. 
Create a pond from Crystal Clear Water. 
Harness Solar Energy from over 300 days 
unclouded sky. 35 Acres from $19,900. 
Down Easy Terms. Free Brochure. Call 
Today. 1-800-383-0583. Patten Land of 
Colorado Corp. Void where prohibited. 

RET! TO NORTH CAROLINA - 
Beautiful golf & lake homesites in one of 
North Carolina's finest masterplanned com- 
munities. Only $10,900 wiowner-assisted fi- 
nancing available. Free color literature 
1-800-768-7358. 


RADIATION detector from household 
materials. Plans-$9.95, LUCUBRATES, 
Box 291205, Temple Terrace FL 33617. 


PATENTED INVENTION: BOOK 
LAMP $10.00 Patent Copy. 99-1026 Iwaena 
Street, Aiea, HI 96701. 


CUSTOM home built speakers. Save hun- 
dreds, Detailed plans 31000 JPS, POBox 


JET BOAT OR SKI. Build your own wit 
4,50 hp engine and pump kit: Plans $11.96. 
Hydrajet, РО Box 156, Troy, AL 36081. 


PLASTICS 


ER. Liquid components, tech- 
.niques. Catalog, $1: Handmade, Box 
16713(PS7), Memphis, TN 38186-0713. 


LOVE TO SHOP 
BY MAIL? 


Don't miss POPULAR Science's 
October issue if you love the 
fun and convenience of catalog 
shopping. Our new Shop at 
Home section will feature 


catalogs you can order from 
many of the country’s most 
exciting and successful mail/ 
phone order merchandisers. 


Catalog advertisers—you can 
Participate. Just call Liz Osias 
at (212) 779-5572 or (800) 
445-2714. 
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ALMOST FREE LAND ... CITY- 
RURAL-REMOTE $9.95/book + $2.50/ 
P&H. CORPUBCO. PO Box 40338 Albu- 
querque, NM 87196 


RADIO, TELEVISION 
SECRET Scanner Frequencies: Federal, 


Police, etc. Free Catalog! CRB, Box 56PS, 
Commack, NY 11725. 


+ RUBBER STAMPS 


Order "CUSTOM MADE” 


ДА RUBBER STAMPS 


COME 

л Аза 25€ per чет lor postage 
SATISFACTION GUARANTEED 
FASTSERVICE- Your Order Shipped in 5. -— 


SATELLITE TV 


SUBSCRIBE to “View-All Newsletter" 
Send 410 SASE for FREE! sample issue. 


Vlew-All, Dept.PS, 177 Main St., Fort Lee, 
NJ07024. 


SATELLITE TELEVISION DE- 
SCRAMBLERS Complete Detailed Plans 
For Home Construction By Anyone. $5.00. 
Jansen Electronics, Р.О. Box 25161, Seattle, 
WA 98125 


Systems, upgrades, 
IRDs, movers, Feeds, L 
3 to 24' dishes and тоге 
‘Names Like - 
Monterey, Uniden, Drake 
HTS, Orbitron, etc. 
єз 800-334-5455 
>) 218-739-5231 MN & INT. 
SKYVISION INC9 


2026 COLLEGE WAY 
FERGUS FALLS, MN 56537 


atm OR UPDATE YOURSELF! 


FREE CATALOG - Compare our prices 
for New systems and upgrades. Latest re- 
ceivers and dishes—all 


HAWTHORNE, N.J. 07507-0197. 
1-800-535-ALPHA 


SATELLITE TV 
Call for FREE Catalog 
All Major Brands 
Lowest Prices 
1-800-845-6664 
617 W. Division • Mt. Vernon, WA • 98273 


WEST COAST SATELLITE 


SATELLITE Monthly Audio Codes 
1(900)-Hot-Shot. Intended For Testing Only. 
$3.50 Per Call. 


STAMP COLLECTING 

FREE GIANT BARGAIN STAMP CATA- 
LOG, FULL OF ALL THE LATEST OF- 
FERINGS ON WORLDWIDE STAMPS, 
'ESSORIES. UN АН Pu 
BALL CARDS, PO: 
NOTES. PLUS SOU DL LL RECEIVE 
STAMPS ON APPROVAL. BUY ONLY 
WHAT YOU LIKE, RETURN BALANCE, 
SATISFACTION GUARANTEED. JAMES- 
TOWN STAMP COMPANY, INC., DEPT 
E81PS, JAMESTOWN, NY, 14701-0019 

1,000 STAMPS, $2.95. Guaranteed 


Я 


Milfor 
DISCOUNT Stamps, Request Countries, 
Free List. IVA, Box 197-B, Hanford, CA 


93232. 


UNITED NATIONS 3 Mint Sets, 25e. 
Cornetta, POB 1509-P, Lake Placid, Florida 
33852. 


FOUR FOREIGN sets 25¢. 

rovals. R. G. Sales, Box 1065-P, 

Гу 11431 

50 Different Selected United States 
. Only $1.00. Tom Roush, Р.ОВох 
Riverside, TX 77367-0249. 


SONG WRITERS 
POEMS—SONGS WANTED. Free 


“Box 7. 
SPECIAL SERVICES 
INFORMATION On Anything. Ferguson 
ialists. 60-15 Woodside Ave- 


ресі: 
nue, Woodside, NY 11377. 


$5.00 Sends Your Address To Over 80 
po Mail = ао ae 
ine. Savpost, 802 Willowoaks. Dr., 


SPORTING GOODS 
KNIVES for Hunting or Work. From 
$1.50. Catalog, ‘OND, 2354 E. Gre- 
court, Toledo OH 43615 
SCIENCE & CHEMISTRY 
ROBOTICS, ASTRONOMY, DS 


SATELLITE TELEVISION SOUR- 
CEBOOK-—over 100 pees of TVRO infor- 
mation. $20 ppd. Xenolith Press Route 5 Box 
156A, Louisa, VA 23093. Free brochure with 


CHEMICALS - GLASSWARE, Catalogue 
$2.00, Established 1953, Hagenow 
Laboratories, 1302 Washington, Manitowoc, 
УП 54220 


CHEMICALS AND LAB EQUIPMEN 
Chemicals, small or large quantities, 
your convenience. Glassware, Scales, Mi 
Scopes available. Send $5.00 for cat 
Chem Lab, 1060-C Ortega Way Placen 
CA 92670. 


TOOLS & MACHINERY 


“мша *Melals "В 

Precision instr 
Catalog $2.00 
(1000" of itens) 


513-322-8562 


BOLTS, SCREWS, TOOLS, WHOLI 
SALE, DIRECT. Guaranteed. Catal: 
$2.00 (refundable). Camelot, Dept. 33, В 


65, Bristol, Wisconsin 53104. 
TOOLS FOR THE GUNSMITH/HOBBYIS: 
" CUTTING e 
BLUE RIDGE << MEASURING e. 
со! б 
(309 9053538. DRILL CHUCKS 
Аба $100 MUCH МОНЕ!!! 


Р.О. Box 536-PS e Hurricane WV e. 


GENERATOR REMOTE STARTE 
CONTROL for Cabins, Contractors, et 
Quali product. $59.95. ATI, HCR6! 

К, Caeapon, WV 25422. 
4' METAL Cutting Lathe $118.20., Tai 


15048 Proctor, Industry, CA 91746. 
TOYS & GAMES 
PLAY CASINO ROULETTE, illus! 
instructional guide increases your odds fi 


WINNING. $9.95: RK Publications, PO Bd 
360714, Columbus, OH 43236. 


TRAVEL 
DISNEY VACATION. 


ЕЕ AIR FAR 


FOR CLUBMEMBERS. FREE APPLIC/ 
TION. DVI, Box 3043-5, Skokie, IL 6007 
(708) 674-7888. 


ВЕЯЗН! SAVE UP TO 50% on ove 
1,000 hotels and motels, 2000 condomin 
ums, 1000 pleasure cruises and more. $19.9 
with directory or send SASE for inform: 
tion. PDTAB ÎNC., 8351 Roswell Road, Suit 
315-15, Atlanta, GA, 30350. 


BEST BEACH worldwide, abroa 
Gleaming White Sand. Where & how to 
there. Information $5.00 ACE Intert 


Box 5061, Woodridge, Illinois 60517 
VIDEO EQUIPMENT 


WIRELESS сла RECEIVERS 
.9 TO 2.7 GHz 
mn System-173 90 
30 CH Rod Antenna System-$183. 
30 CH Crystal Control System $294 95. 


VISAMCAMEX QUANTITY 
ORDERS ONLY 1-800-484-4190 code 9793 


WINEMAKING 


WINEMAKERS-BEERMAKERS Fre 
Ilustrated Catalog - Fast Service - Larg 
Selection - Visa/Mastercard - (816) 254-02 
KRAUS, Box 7850-N, Independence, Mi 
souri 64054. _ ________ 


BEERMAKERS—Winemakers Fre 


Catalog. Fast Service, Free Recipe: 
Cellar-S, Box 33525, Seattle, WA 9813: 
800-342-1871. 


FREE CATALOG! GREAT PRICE: 
FAST SERVICES! — SEBASTIA 
BREWERS, 7710 Т AVE, VERI 
BEACH, FL 32967 (407) 589-6563. 

BEER BREWING KITS/SUPPLIE: 
Free Catalog! 407-626-2899. Home Brewer 
Outlet, P.O. Box 30626, Palm Beach Ga 
er 


dens, FL 33420. 


WATER PURIFICATION 
WATERWISE PURIFIERS hom: 
made distilled. (800) 874-9028. Box 4598 


Center Hill, FL 33514-0459. 
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ADVERTISEMENT 


Product Information 


| Booklets, catalogs, and folders listed below provide reliable informa- 
' fion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


companies. The convenient order form will save you time and postage. 
Orders will not be processed unless accompanied by the $1 handling 
fee. For your safety, please do not send cash. 


801 Graphics Designs A full-color 16 
page catalog from Blackbird International 
describes the company’s complete line of 
high-tech aviation and space-related 
graphics imprinted on sportswear and gift 
items. Free 


802 Stereo Equipment Cambridge 
Soundworks' catalog has specials on 
systems and components from Philips, 
Pioneer, Denon, and Cambridge Sound- 
works—including complete Dolby Sur- 
round systems starting at only $999. 
Free 


803 Colorado Vacation Discover the in- 
credible range of things to see and do in 
Colorado. Send for a vacation guide pub- 
lished by the Colorado Tourism Board. 
Free 


804 On-line Computer Communications 
CompuServe's informative brochure 
shows you how to use and communicate 
through the world’s largest and most com- 
prehensive computer information service: 
hardware and software support, electronic 
mail, personal investment services, and 
more. Free 


805 Water-Well Products The “How to 
Drill Your Own Water Well" booklet from 
Deeprock Manufacturing describes how 
thousands of wells have been drilled us- 
ing this easy, low-cost way for the home 
and garden since 1962. Free 


806 Dental Information A brochure from 
the Dr. Woog Perio-System explains how 
to arrest gum disease with revolutionary 
Swiss methodology. Free 


807 Clean Water For information on Eco 
Water Systems' home water filtration and 
distillation systems for counter-top use call 
1-800-86WATER or send for a brochure. 
Free 


| ERE M M CERES FILL IN COUPON AND MAIL TODAY = 


вов Hobbyist Catalog Edmund Sci- 


entific's 112-page catalog contains more 
than 3,200 products for the hobbyist, gad- 
geteer and educator—featuring tele- 
Scopes, weather instruments, fiber optics, 
magnifiers, high-tech science toys, plus 
many items for science fair projects. Free 


809 Oil Additive A brochure from 
Fluoramics describes Tufoil, a spectacular 
low-friction and low-wear oil additive. 
Tufoil makes changing your oil a patented 
engine treatment. Enjoy fast starts, 
smooth operations, better acceleration, 
and longer engine life. Free 


810 Sun Rooms Bring the beauty of na- 
ture into your home. A catalog and video 
from Four Seasons show spacious, sun- 
drenched kitchens, family rooms, exercise 
spas, hobby greenhouses, patio rooms, 
and more. $15 


811 Unusual Items The "Things You 
Never Knew Existed" catalog from 
Johnson Smith Co. contains more than 
1,800 hard-to-find novelties, hobby and 
Sports equipment, scientific and electronic 
items, and gag gifts. Free 


812 Exercise Bike Information from Life 
Fitness describes its LifeCycle Aerobic 
Trainer, the most popular computerized 
exercise bike in health clubs. Free 


813 Window Ideas A brochure from 
Marvin Windows illustrates with four-color 
photos and renderings how window sizes 
and styles affect the appearance of your 
home. Energy and maintenance informa- 
tion is also included. Free 


814 Cross-Country Workout Nordic 
Track, the original cross-country ski exer- 
ciser, provides the world's best total-body 
and cardiovascular workout. Brochure and 
video available. Free 


POPULAR SCIENCE P.O. Box 1695, Riverton, N.J. 08077-7295 

Note: Porn $оечсЕ New Jersey address is for Product Information only. 

Please send the items checked below. | am enclosing $1 handling charge (any num- 
ber of items per coupon) plus amount required for priced items. Orders will not be 


815 North Carolina Vacation The state 
of North Carolina offers a travel package 
containing facts for planning where to go, 
where to stay, and what to do on a North 
Carolina vacation. Free 


816 The Prodigy Service The Prodigy on- 
line computer service has something for 
each member of your family. It has hun- 
dreds of valuable features, including a reg- 
ularly updated encyclopedia, great values 
from dozens of on-line merchants, news, 
weather and sports updates, games, and 
$0 much more. Purchase a start-up kit at 
any Prodigy service dealer. For a store 
near you Call 1-800-776-3693, ext. 218. 


817 Wood Protection The eight-page 
Homeowners Guide from Rust-Oleum de- 
scribes how Rust-Oleum Wood Saver 
Paint protects your home from costly 
damage caused by moisture and sunlight. 
It protects wood trim, doors, fences, rail- 
ings, and outdoor furniture. Free 


818 Solariums A full-color package from 
Sunshine Rooms details 93 models of 
curved and straight-eave solariums in 
three distinct designs. It includes specifi- 
cations and technical data, information on 
accessories, and much more. Do-it-your- 
self and custom models are available. $2 


819 Halogen Bulbs Now you can have 
Sylvania Halogen bulbs in your home. 
Halogen bulbs are long-lasting, brighter 
than ordinary bulbs, and energy-efficient. 
The new line includes household bulbs, 
spot and floodlights for the home, and out- 
door floodlights. Free 


820 Engine Care U.S. Auto-Tech's cata- 
log contains more than 70 items that save 
gas, reduce engine friction and wear, 
make 87-octane gas perform like 93, in- 
crease horsepower, and protect and shine 
your car. Free 
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Looking Back... 


Sampling a century of Porun Saen 
AUGUST 1966 
Electronically speaking, it 


25 is the little things that 


YEARS AGO count. For over a decade, 
the tiny transistor has been hustling 
the bulky vacuum tube along the road 
to obsolescence. Now the transistor 
seems about to make the same jour- 
ney—with the integrated circuit (IC) 
doing the shoving. By 1970, virtually 
every electronic product you buy will 
contain one or more IC's. 

This single tiny silicon chip is the 
electronic equal of a score or more of 
transistors and a handful of resistors, 
capacitors, and diodes, all wired into a 
conventional circuit. What's more, it 
costs much less than the components 
it replaces. 

Some IC's amplify; some oscillate; 
some асЃ аз a logic circuit in electronic 
computers. In short, there's an IC for 
almost every circuit function. 

The "components" are a physical 


AUGUST 1941 
Multiflash pictures that 
freeze successive steps of 


YEARS AGO high-speed motion will be 
used to demonstrate mechanical move- 
ments and teach fundamental laws of 
physics to engineering students at the 
Massachusetts Institute of Technology. 

In making the pictures, a battery of 
Edgerton lamps, giving off brilliant 
stabs of light at uniform, split-second 
intervals, records the positions of a 
moving object against a black velvet 
background. 

Employed as lantern slides, the pic- 


Each time the golf ball bounces, it gains 
velocity on the way down at the same rate 
that it lost it on the way up. 


In analine photographs, 

colors fade more or less on 
YEARS AGO exposure to sunlight. In 
the diazotype process of creating pho- 
tographs, the picture is fixed by caus- 
ing a compound to be formed during 
development, which will resist fading. 
The process starts with the yellow 
body called primuline—a substance 
constituted with ammonia—that com- 


] AUGUST 1891 


part of the silicon chip, inseparably 
connected to each other—integrated. 
They are formed simultaneously on 
and in the chip. There are no leads you 
can cut with wire snippers; you can’t 
remove one of the components without 
destroying the entire IC. 

Because an IC is an indivisible 
structure, it is inherently more reli- 
able than any multicomponent circuit. 
An IC, no matter how many “compo- 
nents” its circuit contains, acts like a 
single semiconductor component. 

Making an IC is simple: Form the 
electronic components out of alternat- 
ing layers on N-type and P-type silicon, 
all within a tiny silicon chip. N- and P- 
type material have different electrical 
characteristics and are made by intro- 
ducing appropriate chemical impuri- 
ties to the silicon crystal structure. 

Transistors are made from a three- 
layer sandwich to form the familiar 
NPN (occasionally, PNP) structure. 


tures will enable students to analyze 
movements that are quicker than the 
eye. Because the whole motion, in suc- 


bines with nitrous acid to form a dia- 
zo compound, and this, like the other 
diazo derivatives, exercises a con- 
structive or synthetic reaction with 
the amines and phenols, with which 
azo-coloring matters are formed. 

The essential conditions of primu- 
line photography are that the reac- 
tions take place with primuline after 
its application to any surface or mate- 
rial as a dye, without affecting its 


Junction diodes have a two-layer PN 
structure. Capacitors are actually 
diodes in disguise: By adjusting the 
voltage applied to a diode it becomes 
an excellent capacitor. 


These three IC s are the equivalent of 25 transis- 
tors and 30 electronic components. 


cessive strips, is shown in one picture 
which can be thrown on a screen in a 
classroom and kept there as long as de- 
sired, the new teaching technique 
should prove more satisfactory than 
the use of high-speed motion pictures. 

When a distance scale and a clock 
face are incorporated in the pictures, 
they can be used as the basis for class- 
room problems as well as for visual ed- 
ucation, The successive multiflash 
shots record the scale and the position 
of the clock hand as well as the posi- 
tion of the moving object in each expo- 
sure. Being given, in this way, the time 
interval and a gauge of the distance 
moved, the student can work out the 
exact velocity during any given phase 
of a movement. 


union with the material; and that the 
diazo derivative produces the photo- 
sensitive in the highest degree. The 
prints obtained are positive, the light 
and shadow of the object being exact- 
ly reproduced in the colored picture. 

The primuline process is simple. It 
can be practiced with the minimum of 
apparatus, requires no technical train- 
ing, and the results are striking and 
pleasing. 


Friendship. Camaraderie. A sense of belong- 
ing. Those old feelings may be difficult to describe, 
but they're not hard to get back. Thanks to the Air 
National Guard. 

In the Air Guard you'll learn what it’s like to 
be a member of a winning team. It's also a place for 
individual advancement, too. Whether your aspira- 
tions are up in the air or more down to earth, we 
can help get your career off to a flying start. 

Is telecommunications your calling? Maybe 
it's computer technology that's on your program. 
Meteorology, security, engineering...over 200 job 
opportunities can be pursued through the Air 
Guard. With comprehensive training to match. 


When was the last time you felt 
like you really belonged? 


We'll give you the chance to travel to exotic 
locations around the world. College tuition assis 


tance through the Montgomery GI Bill. А! 
the good feeling of knowing you're serving your 
country. What other job can give you all that? 

For as little as two days a month and two 
weeks a year, we'll pay you a great part-time salary 
as you serve in the Air Guard. 

To find out how can get your career off the 
ground, call the Air National Guard 
toll-free at 1-800-638-0936. We'll 


show you how to become one of IN ATIONAL 
the jet set. GUARD 
Americans At Their Best. | 


Next to hearin' the chuck iron ring, 
nothin' sounds better to a cowboy 
than the jingle of his spurs. 


Also available in soft pack. 


A new low tar cigarette. When you want more flavor. 


SURGEON GENERAL'S WARNING: Smoking 


By Pregnant Women May Result in Fetal 
Injury, Premature Birth, And Low Birth Weight. 


12 mg "tar; 0.8 mg nicotine 
av. per cigarette by FTC method © Philip Morris Inc. 1991 


